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INTRODUCTION
Although the first agent with antifungal activity, griseofulvin, was isolated in 1939 (28) and the first azole and polyene antifungal agents were reported in 1944 and 1949, respectively (85) , it was not until 1958 that oral griseofulvin and topical chlormidazole became available for clinical use ( Fig. 1) (13, 21, 28, 41, 85, 94, 103, 109, 132, 133, 151, 250, 274) . The introduction of griseofulvin was followed in 1960 by that of amphotericin B (109) , which is still the "gold standard" for the treatment of severe systemic mycoses (94) . Two topical azole antifungal agents, miconazole and clotrimazole, were introduced in 1969; this was followed by the introduction of econazole in 1974 (109) and a parenteral formulation of miconazole in the late 1970s (21, 103) . Today, these three agents remain the mainstay of topical therapy for many dermatophytoses.
Progress in the development of both topical and systemic antifungal agents lagged, due in part to the intensive research efforts in the area of antibacterial therapy which began in the 1940s following the large-scale production of penicillin and also to the relatively low incidence of serious fungal infections compared with that of bacterial infections. By 1980, members of the four major classes of antifungal agents-polyenes, azoles, morpholines, and allylamines-had been identified, yet the only new drug introduced for the treatment of systemic fungal infections was oral ketoconazole (132) . It would be more than 10 years before either fluconazole or itraconazole became available for the treatment of systemic mycoses (13) .
During the 1980s and 1990s, the marked increase in the population of immunocompromised or severely ill individuals as the result of the spread of human immunodeficiency virus (HIV) infection, the increased use of immunosuppressive agents in association with organ transplants, chemotherapy, and improved life-saving medical techniques necessitating indwelling catheters led to a substantial increase in the occurrence of serious fungal infections (94, 95) . Consequently, although it takes 10 to 12 years to bring a new drug to market and the cost of doing so has risen steadily (to $359 million in 1994) (20) , the growing need for antifungal agents, particularly those for the treatment of systemic mycoses, has made this a worthwhile area of pharmaceutical research.
Advances made during the 1990s led to the introduction of a new allylamine, terbinafine, for the treatment of dermatophytoses and new lipid formulations of amphotericin B with improved safety profiles (95, 132) . In addition, new classes of antifungal agents such as the candins (pneumocandins and echinocanidins), the nikkomycins, and the pradamicinsbenanomicins are being studied (88, 95, 132) . However, with 15 different marketed drugs worldwide (85, 132) , the azoles are currently the most widely used and studied class of antifungal agents. This article focuses on the clinically important azole antifungal agents currently marketed in the United States and some promising new agents under development.
MECHANISM OF ACTION
For a detailed discussion of the mechanism of action of the azoles and other antifungal agents, the reader is referred to the recent review articles by Georgopapadakou and Walsh (94) and White et al. (269) . A brief overview is provided here.
Azole antifungal agents prevent the synthesis of ergosterol, a major component of fungal plasma membranes, by inhibiting the cytochrome P-450-dependent enzyme lanosterol demethylase (also referred to as 14␣-sterol demethylase or P-450 DM ) (94, 95, 136, 269) . This enzyme also plays an important role in cholesterol synthesis in mammals (136) . When azoles are present in therapeutic concentrations, their antifungal efficacy is attributed to their greater affinity for fungal P-450 DM than for the mammalian enzyme (136) . Exposure of fungi to an azole causes depletion of ergosterol and accumulation of 14␣-methylated sterols (94, 95, 136) . This interferes with the "bulk" functions of ergosterol in fungal membranes and disrupts both the structure of the membrane and several of its functions such as nutrient transport and chitin synthesis (94) . The net effect is to inhibit fungal growth (136) . Ergosterol also has a hormonelike ("sparking") function in fungal cells, which stimulates growth and proliferation (94, 269) . This function may be disrupted when ergosterol depletion is virtually complete (Ͼ99%) (94) .
CLINICALLY IMPORTANT AZOLE ANTIFUNGAL AGENTS
The azole antifungal agents in clinical use contain either two or three nitrogens in the azole ring and are thereby classified as imidazoles (e.g., ketoconazole and miconazole, clotrimazole) or triazoles (e.g., itraconazole and fluconazole), respectively. With the exception of ketoconazole, use of the imidazoles is limited to the treatment of superficial mycoses, whereas the triazoles have a broad range of applications in the treatment of both superficial and systemic fungal infections. Another advantage of the triazoles is their greater affinity for fungal rather than mammalian cytochrome P-450 enzymes, which contributes to an improved safety profile. Table 1 shows the generic and U.S. trade names, chemical structures, U.S. formulations, and general clinical uses of the clinically important azole antifungal agents currently marketed in the United States. Until the recent approval of itraconazole oral solution, only the itraconazole capsule formulation was available. Throughout this review, where studies pertain to the oral solution, it has been identified as such. Otherwise, "itraconazole" is used to refer to studies with the capsule formulation.
SYSTEMIC MYCOSES
Although the polyene amphotericin B remains the agent of choice for the treatment of most life-threatening systemic mycoses (18, 92, 246) , ketoconazole, fluconazole, and itraconazole have a variety of uses in the treatment of disseminated infections due to opportunistic and endemic fungal pathogens. Ketoconazole and itraconazole (Table 1) share a number of pharmacokinetic characteristics. Both are available in oral (p.o.) formulations, whose absorption is affected by gastric acidity and food. By contrast, fluconazole is available in both intravenous (i.v.) and p.o. formulations, and absorption is neither dependent on gastric acidity nor affected by food (47) . Because of its relatively low lipophilicity and low degree of protein binding (ϳ12%), fluconazole distributes readily into aqueous body fluids such as the cerebrospinal fluid (CSF) (99) . On the other hand, although penetration of ketoconazole and itraconazole into aqueous fluids is negligible due to their high lipophilicity and high degree of protein binding (Ͼ99%), these azoles achieve concentrations in fatty tissues and exudates such as pus that are severalfold greater than the concomitant concentrations in serum (54, 101, 259) . The therapeutic uses of these three azoles, based primarily on the published recommendations of experts in the field rather than the indications approved by the Food and Drug Administration (FDA), are listed in Table 2 and will be expanded upon in subsequent sections.
Opportunistic Fungal Infections
Aspergillosis, candidemia, and cryptococcosis have become increasingly prevalent as the population of immunocompromised or seriously ill individuals has increased (94, 95) . None of these opportunistic fungal infections are responsive to p.o. ketoconazole (15) .
Aspergillosis. Amphotericin B remains the agent of choice for the initial therapy of invasive aspergillosis (16, 54, 110, 161, 259) , although a 1990 review of the literature by Denning and Stevens showed that the overall response rate was only 55% (54) . Moreover, the therapeutic response to amphotericin B in immunocompromised patients is generally poor (16) . Itraconazole is the only currently marketed azole that appears to be a useful alternative (53, 144) , and it has been approved by the FDA as a second-line agent for the treatment of pulmonary or extrapulmonary aspergillosis in patients who are refractory to or intolerant of amphotericin B (132) . Clinically, itraconazole is often used as consolidation therapy in seriously ill patients who have responded to initial therapy with amphotericin B and as initial therapy in those with less severe infections (132) .
When used for primary therapy, the response rate with itra- conazole is slightly better than that with amphotericin B, and the most favorable outcomes are seen in patients with pulmonary infections and in solid-organ transplant recipients; aspergillosis patients with HIV infection are the least responsive to itraconazole (53, 103, 131) . A recent analysis of the compassionate-use data on itraconazole therapy of invasive aspergillosis according to the National Institute of Allergy and Infectious Diseases (NIAID)-Mycoses Study Group (MSG) criteria provides further support for its use as initial therapy (245) . Most of the 125 patients suitable for analysis, all but 8 of whom had underlying diseases, were treated with 200 to 400 mg of itraconazole per day; only 16 patients received less than 200 mg/day, and only 15 received more than 400 mg/day. The mean duration of itraconazole therapy was 209 days (median, 121 days; range, 3 to 1,657 days); only 15 patients received treatment for less than 2 weeks. A complete response was achieved in 34 patients (27%), 45 (36%) improved, 20 (15%) were unchanged, and 26 (21%) worsened. However, if the response rates were based on only patients who received at least 2 weeks of treatment, the corresponding percentages are 30, 39, 16 , and 14% and are better than the 39% rate of complete or partial response achieved in 30 of 76 patients treated in an earlier study by the NIAID-MSG (53) . Moreover, in the present analysis, a complete response or improvement was observed in 72% of 11 patients who received bone marrow transplants (55) . Patients treated for less than 2 weeks and those with widely disseminated disease or infection of the sinuses or central nervous system (CNS) had a less favorable therapeutic outcome than the remaining patients. Interestingly, the outcomes of patients who had received prior therapy with amphotericin B alone or in combination with other agents such as flucytosine (5-FC) (112 patients) and those who had not (13 patients) were not significantly different, regardless of whether aspergillosis was pulmonary or extrapulmonary. These data provide further support for the effectiveness of p.o. itraconazole for the treatment of a substantial number of patients with invasive aspergillosis. The lack of an i.v. dosage form and the presence of drug interactions are major disadvantages of the use of itraconazole in treating invasive aspergillosis, particularly in patients who have received bone marrow transplants (53, 103, 131) . Clinical data indicate that initial administration of itraconazole antagonizes the antifungal activity of subsequent amphotericin B against Aspergillus fumigatus (153, 232) . Thus, amphotericin B-azole combinations are not used clinically to treat patients with invasive aspergillosis. For a detailed review of in vitro data and clinical experience of amphotericin B-azole combinations, the reader is referred to the review by Sugar (246) .
With regard to the prevention of invasive aspergillosis, a number of antifungal regimens have been suggested for neutropenic patients (16, 34, 147) , but only itraconazole oral solution has been investigated in a large-scale, placebo-controlled clinical trial (51) . The p.o. administration of nystatin, amphotericin B, ketoconazole or fluconazole is not effective (147) . Because respiratory system colonization occurs before the development of invasive aspergillosis, nasal instillation or inhalation of amphotericin B has been suggested (16, 147) . However, the results of controlled clinical trials with intranasal amphotericin B have differed and have not demonstrated efficacy in preventing invasive aspergillosis (16, 147) . Although intranasal administration of amphotericin B is well tolerated (16) , aerosol inhalation is associated with side effects such as cough, bad taste, and nausea, which led to discontinuation in 23% of treatment cycles in a study of neutropenic cancer patients (147) .
Itraconazole is the only azole at present that may be considered for primary prophylaxis against aspergillosis (147) . A recent randomized, double-blind trial compared itraconazole oral solution with placebo for the prophylaxis of fungal infections in 405 neutropenic patients with hematological malignancy (51) . All patients also received p.o. nystatin (500,000 IU four times a day [q.i.d.]) and ciprofloxacin (500 mg twice a day [b.i.d.]). In an intent-to-treat analysis, proven and suspected deep fungal infections, defined as those requiring empirical therapy with i.v. amphotericin B, occurred in 48 (24%) of 201 patients treated with itraconazole oral solution and 68 (33%) of 204 patients treated with placebo (P ϭ 0.035). Of the five proven deep fungal infections documented in patients receiving itraconazole, four were due to Aspergillus spp. and one was due to Candida albicans. Study medication was stopped in 33 members (16%) of the group receiving itraconazole and in 28 members (14%) of the group receiving placebo because of adverse events, details of which were not provided. In another study in patients with hematological malignancies, mortality was lower in those who received prophylaxis with itraconazole (200 mg/day) plus intranasal amphotericin B (10 mg/day) than in untreated historical controls (147) . Further investigation of this regimen is warranted, particularly in view of the reported antagonism between itraconazole and amphotericin B. Until more clinical data are available, itraconazole or amphotericin B may be considered to prevent invasive aspergillosis in patients who have undergone bone marrow transplantation or who have hematologic malignancies and should be administered until the patient has recovered from neutropenia or graft-versus-host disease and/or cytomegalovirus infection and corticosteroid therapy has been discontinued (147) . To prevent relapse during all future periods of immunosuppression in patients who have previously had invasive aspergillosis, administration of itraconazole or i.v. amphotericin B is recommended (147) .
As noted by Walsh et al. (260) , not all neutropenic patients benefit from antifungal prophylaxis. Variables such as the extent of neutropenia, the underlying cause of neutropenia and its status, and numerous host factors affect the risk of deep fungal infection. Neutropenic patients with relapsed neoplastic disease or hematologic malignancy and those who have received allogeneic bone marrow transplants are at increased risk of deep fungal infection. With regard to invasive aspergillosis, protracted granulocytopenia, use of corticosteroids, and prior infection with Aspergillus complicating neutropenia are known to increase the risk of infection (260) . In addition to these host factors, environmental factors play an increasing role in the increased risk of invasive fungal seen at many centers specializing in cancer treatment. Thus, antifungal prophylaxis with amphotericin B or a triazole can be recommended routinely for all neutropenic patients. However, because mortality is high among AIDS patients who develop invasive aspergillosis, lifelong secondary prophylaxis with either amphotericin B or itraconazole is recommended following primary therapy with amphotericin B and adjunctive surgery (161) .
Candidemia. (i) Fluconazole. The management of serious infections due to Candida spp., which are becoming increasingly prevalent, is problematic because of the increasing incidence of non-albicans species (1, 188) and the emergence of non-albicans isolates resistant to both amphotericin B and the newer azoles (172) . Recently, a panel of 22 international experts in the management of Candida infections held a consensus conference to develop general recommendations for the prevention and treatment of these infections (74) . The triazoles fluconazole and itraconazole were among the antifungal agents considered by the participants. Fluconazole, but not itraconazole, is approved by the FDA for the treatment of systemic Candida infections. However, itraconazole has been approved elsewhere for use in deep (nonmucosal) Candida infections and was therefore included among the available therapeutic options (74) . Infections considered by the experts included candidemia, candiduria, hepatosplenic candidiasis (chronic disseminated candidiasis), candidal endophthalmitis, and candidal peritonitis. Management strategies were based not only on the site of Candida infection but also on other factors such as neutropenia, susceptibility of the Candida isolate, general condition of the patient, and whether the patient had undergone bone marrow or solid organ transplantation. An overview of the consensus conference recommendations is provided in Table 3 (74) . With regard to specific infections, the experts agreed that any patient with candidemia should receive antifungal therapy and that i.v. catheters should be removed or changed. Fluconazole was recommended as primary therapy for candidemia in stable neutropenic and nonneutropenic patients in whom C. krusei was unlikely and who had received no prior treatment with fluconazole. The experts chose fluconazole over amphotericin B mainly because it is less toxic. Amphotericin B was the agent of choice when infection was due to a fluconazole-resistant organism or C. krusei and was recommended for the continued treatment of patients who develop candidemia while receiving fluconazole. For unstable neutropenic and nonneutropenic patients, most of the experts preferred amphotericin B with or without 5-FC; however, for unstable patients with no prior fluconazole therapy and in whom infection due to C. krusei was unlikely, five participants chose fluconazole alone and five others chose fluconazole in combination with amphotericin B. For the management of candidemia after solid-organ transplant, the experts selected fluconazole as the initial therapy for stable patients who had not received fluconazole previously and amphotericin B for stable patients who had received fluconazole but differed in their opinions about the appropriate regimen for unstable patients (see Table 3 ) (74) .
Other serious Candida infections for which a regimen containing fluconazole either alone or in combination with amphotericin B or 5-FC was the first choice were non-C. krusei cystitis or presumed upper urinary tract infection, Candida peritonitis, chronic disseminated candidiasis in patients who are no longer neutropenic, and uncomplicated Candida endophthalmitis. For patients with asymptomatic (without pyuria) candiduria, who do not have diabetes mellitus or gen- itourinary abnormalities and have not undergone renal transplantation, the experts agreed that no antifungal therapy is warranted because colonization is very common, often related to use of antibiotics or catheters, and can usually be cleared by their removal. For asymptomatic Candida colonization of the urinary tract or biliary tree following solid-organ transplantation, fluconazole was selected when the species was not C. krusei or C. glabrata and low-dose amphotericin B with or without 5-FC was selected when these species were present. With regard to fluconazole dosage, the recommendation was 400 mg/day for stable nonneutropenic patients and 800 mg/day for unstable neutropenic patients (74, 104) . The i.v. route was preferred for the initiation of fluconazole therapy in unstable patients and/or those with unreliable gastrointestinal absorption (74) . For the treatment of neutropenic and nonneutropenic children with life-threatening invasive candidiasis, the recommended dosage of fluconazole was 6 mg/kg b.i.d., assuming normal renal function.
Although itraconazole was a possible alternative for severe Candida infections in stable patients, lack of an i.v. formulation in the United States, erratic p.o. absorption in this patient population, and the absence of efficacy data from large, wellcontrolled trials argued against its use (74) . The only use found for itraconazole by one participant was to treat presumed upper urinary tract infection when caused by species of Candida other than C. krusei. However, the new cyclodextrin formulation, which increases the absorption of itraconazole and is being developed for i.v. administration, may lead to its future use in the treatment of serious Candida infections (104) .
Further support for the use of fluconazole in serious Candida infections was provided by three studies, the results of which were published after the consensus conference (4, 6, 7) . A matched cohort study compared therapeutic outcomes in 45 cancer patients with hematogenous candidiasis treated with fluconazole (200 to 600 mg/day) and 45 patients treated with amphotericin B (0.3 to 1.2 mg/kg/day) (7). The patients were matched for age, sex, status of underlying disease, use of antibiotics and growth factors, duration of treatment, presence and removal of central venous catheters, disseminated disease, and concomitant infections. The two antifungal regimens produced similar response rates at 48 h and 5 days, and at the end of therapy the overall response rates were 73% for fluconazole-treated patients and 71% for amphotericin B-treated patients. No differences in survival rates or causes of death were found. In both groups, the end-of-treatment response was higher for patients infected with C. albicans (78 and 74%, respectively) than for those infected with non-albicans species (68% for both drugs). The percentage of patients developing toxic effects was significantly greater with amphotericin B than with fluconazole (67 and 9%, respectively; P Ͻ 0.0001). Adverse events commonly associated with amphotericin B treatment were nephrotoxicity (40%), hypokalemia (27%), fever (16%), and chills (11%). No nephrotoxicity was observed in fluconazole-treated patients. Side effects associated with fluconazole therapy were hepatotoxicity, hypokalemia, fever, and chills, which occurred in 4, 4, 4, and 2% of patients, respectively (7) .
The equivalent efficacy and better tolerability of fluconazole compared with amphotericin B were also documented in a prospective, randomized, multicenter study involving 164 patients (including 60 with neutropenia) with a variety of invasive Candida infections, including candidemia, urinary tract infection, intra-abdominal infection, postoperative wound infection, cholangitis, and pericarditis (4). Of 142 evaluable patients, 86 had documented candidemia or organ infection and 56 had presumed fungal infection. A presumptive diagnosis of candidiasis was made only for patients who were neutropenic or had undergone surgery. Patients received either fluconazole (400 mg/day) or amphotericin B (25 to 50 mg/day for nonneutropenic patients; 0.67 mg/kg/day for neutropenic patients). The overall response rates at the end of therapy were 66% (44 of 67 patients) in the amphotericin B group and 64% (48 of 75 patients) in the fluconazole group, and they remained similar when categorized according to site of infection and pathogen. Survival rates at the end of therapy were 87% in the amphotericin B group and 88% in the fluconazole group. Significantly more drug-related adverse events occurred among patients who received amphotericin B than among those who received fluconazole (37 and 5%, respectively; P Ͻ 0.0001). Nephrotoxicity occurred in 22 patients (28%) who received amphotericin B but in only 1 patient who received fluconazole.
Fluconazole and amphotericin B also appear to be equally effective in the treatment of candidemia in cancer patients, regardless of the degree of neutropenia, according to a retrospective review of medical records for 471 patients who experienced 476 independent episodes of candidemia (6) . Some of these patients were included in the two earlier studies of fluconazole and amphotericin B; 35 were in the randomized comparison (4), and 90 were in the matched-cohort study (7) . Although the main objective of the retrospective study was to identify factors affecting outcome, the relative efficacy of fluconazole and amphotericin B was analyzed by using a matched-pair analysis with a Monte Carlo simulation. The average success rates with fluconazole and amphotericin B over a total of 300 simulation trials generating an average of 82 matched pairs of patients were 71 and 73%, respectively, which were not significantly different statistically (P ϭ 0.38 to 1.00). According to the investigators, although the retrospective nature of the study is a major limitation, there are no plans to conduct randomized, comparative trials of fluconazole and amphotericin B. Therefore, assessments of the relative efficacy of these two antifungal agents in this clinical setting will, of necessity, rely on observational data such as these.
(ii) Combination therapy. As noted previously, some participants in the consensus conference on the management of severe candidal infections chose a regimen of fluconazole in combination either with amphotericin B or 5-FC in certain situations (Table 3) (74) . However, the use of amphotericin B in combination with an azole is controversial because of the potential for antagonism based on their modes of action (95) . With regard to fluconazole-amphotericin B, the antagonism demonstrated in some in vitro studies has not been observed in vivo in experimental animal models (95, 229, 246, 247) . In a murine model of invasive candidiasis due to a fluconazoleresistant strain, fluconazole-amphotericin B was more effective than fluconazole alone and was equivalent to amphotericin B alone in protecting both immunocompromised and healthy immune-normal mice from infection and in decreasing fungal burden (247) . A subsequent study of neutropenic-mouse and infective-endocarditis rabbit models found no antagonism but, rather, indifference with fluconazole-amphotericin B (229) . In mice, fluconazole-amphotericin B and amphotericin B alone significantly prolonged survival compared to untreated controls and both were more effective than fluconazole alone in clearing Candida from the kidneys. However, fluconazole-amphotericin B and fluconazole alone both were more effective than amphotericin B alone in decreasing the fungal burden in the brain. In rabbits, both fluconazole-amphotericin B and amphotericin B alone were highly effective in decreasing Candida concentrations in cardiac vegetations.
An explanation for the lack of in vivo antagonism between amphotericin B and fluconazole seen in these animal infection models was suggested recently by Ghannoum (95) , who noted that factors other than binding to ergosterol play a role in antifungal susceptibility to amphotericin B and that fluconazole-treated cells appear to retain an adequate amount of ergosterol to permit amphotericin B binding. The question whether the same lack of antagonism between these antifungal agents that has been observed in animal models will be seen clinically should be answered when the results of the ongoing NIAID-MSG trial (74) and other clinical investigations of the fluconazole-amphotericin B combination in the treatment of systemic mycoses (95, 103, 229) become available.
Another combination that has shown synergy in vitro against C. albicans, including fluconazole-resistant strains, and other Candida species is an azole plus the allylamine antifungal agent terbinafine (10, 225 ). This combination was tested in vitro in two studies, both of which used checkerboard broth microdilution techniques (10, 225) . In one study, the fluconazoleterbinafine combination was effective in vitro against most types of resistant isolates, including 5 of 5 nonresistant C. albicans, 17 of 19 fluconazole-resistant C. albicans, and 5 of 9 C. glabrata isolates (225) . The other study tested activity against a C. albicans isolate obtained during azole therapy from an AIDS patient with oropharyngeal candidiasis (OPC) (10) . Synergy, usually indicated by a fourfold decrease in the MIC, was observed in 40% of fluconazole-terbinafine interactions and 43% of itraconazole-terbinafine interactions. Even when the interaction was only additive, a decrease of at least twofold in the MICs of both drugs was observed in 100% of fluconazole-terbinafine interactions and 76% of itraconazoleterbinafine interactions. Additive effects of the azole-terbinafine combinations also were observed against C. krusei (10). Whether these azole-terbinafine combinations will be useful clinically in the treatment of invasive candidiasis awaits investigation.
The combination of a fluoroquinolone, such as trovafloxacin or ciprofloxacin, and either amphotericin B or fluconazole appears to enhance the antifungal activity of the latter agents in invasive hematogenously disseminated candidiasis in mice (249) . Although the fluoroquinolones did not enhance the in vitro activity of either amphotericin B or fluconazole against C. albicans, C. tropicalis, or other fungi when tested by a checkerboard broth microdilution technique, in mice infected i.v. with a fluconazole-resistant strain of C. albicans, the combination of either fluoroquinolone with fluconazole was more effective than fluconazole alone in prolonging survival. Use of trovafloxacin in combination with a suboptimal dose of amphotericin B also improved survival. These data suggest that fluoroquinolones may be useful as adjuncts to antifungal agents.
(iii) Prophylaxis. Prophylactic administration of a systemic antifungal agent, usually fluconazole, is reserved for selected patients considered to be at high risk of candidemia (74) . Although prophylaxis is not routinely recommended for nonneutropenic patients, fluconazole might be appropriate for those in whom the risk of candidemia is increased. The example given in the international consensus conference report is " . . . a patient has received antibacterial therapy for Ͼ14 days, has indwelling intravascular lines in place, is receiving hyperalimentation fluids, has had Candida isolated from two or more sites, and has undergone complicated intraabdominal surgery" (74) . For neutropenic patients who have not undergone bone marrow or organ transplants (i.e., those with leukemia or who are hospitalized in surgical intensive care units), participants in the international consensus conference were reluctant to recommend widespread prophylaxis because of limited data on efficacy and concerns about the development of azole resistance (74) . For high-risk neutropenic patients with C. albicans colonization at multiple sites, Lortholary and Dupont reported that low-dose fluconazole (Ն50 mg/day) is appropriate (147) . However, as discussed in greater detail below in the section dealing with resistance, most reports of fluconazole resistance in non-HIV-infected patients have involved non-albicans species of Candida, mainly C. krusei and C. glabrata, which generally emerged in patients given low-dose (Յ200-mg/day) fluconazole prophylaxis either alone or in combination with amphotericin B (2, 172, 220, 269) . A shift in the species of Candida causing bloodstream infections has also been found in cancer patients receiving fluconazole prophylaxis with higher doses, usually 400 mg/day (1) . A retrospective review of medical records of 474 cancer patients who experienced 479 episodes of hematogenous candidiasis between 1988 and 1992 showed that fluconazole prophylaxis was associated with a relative decrease in the proportion of bloodstream infections caused by C. albicans and C. tropicalis and an increase in the proportion of infections due to C. krusei and C. glabrata. These findings provide further support for the recommendation to limit fluconazole prophylaxis to high-risk patients, such as those with neutropenia, and to administer the drug only during periods when the patient is at highest risk, in order to minimize selection of these less susceptible species (1) .
There is general agreement that bone marrow transplant recipients should receive prophylaxis with fluconazole at a dosage of 400 mg/day given p.o. or i.v. (74, 147) . For patients who have received lung or heart-lung transplants, the international consensus conference participants suggest administration of fluconazole for 10 to 14 days posttransplantation (74) . There is no definitive recommendation for prophylaxis following liver transplantation; however, fluconazole is considered the appropriate prophylactic agent (74, 147) . A review of experience in patients with fulminant hepatic failure who underwent liver transplantation at one center suggests that fluconazole prophylaxis (100 mg/day) begun at the time of admission reduces the occurrence of invasive C. albicans infections (138) . Among 72 patients who underwent transplant prior to routine use of fluconazole prophylaxis, there were 6 deaths due to Candida infection. By contrast, among 45 patients who received liver transplants after routine use of fluconazole prophylaxis was begun, there were 3 deaths due to fungal infections, all associated with organisms not susceptible to fluconazole (Aspergillus spp. and Mucor sp.). No invasive C. albicans infections occurred. Two other recent reports suggest that prophylaxis with either low-dose amphotericin B (10 to 20 mg/day) (146) or liposomal amphotericin B (AmBisome; 1 mg/kg/day) (252) also decreases the rate of invasive fungal infections in liver transplant recipients. With regard to pancreatic transplantation, fluconazole prophylaxis at a dosage of 400 mg/day begun perioperatively and continued for 7 days postoperatively appears to decrease the rate of intraabdominal infection (14) . In a retrospective study, fungal infection rates were 6 and 10%, respectively, among 108 patients given fluconazole prophylaxis and 327 patients not given prophylaxis (P ϭ 0.2) (14) . Because the incidence of severe Candida infection is low following kidney transplantation, no antifungal prophylaxis is recommended (147) .
Cryptococcosis. For cryptococcosis, the therapeutic regimen is based on the site and severity of infection and the patient's immune status. Treatment options for both pulmonary cryptococcosis and disseminated cryptococcal infection in immunocompetent patients include amphotericin B with or without 5-FC, which is the preferred regimen for patients with severe infection, or p.o. fluconazole (92) . One study suggests that fluconazole may be as effective as amphotericin B with or without 5-FC in the treatment of both extrameningeal and meningeal cryptococcosis in HIV-negative patients (70) . In a retrospective analysis of 83 HIV-negative patients treated in France between January 1985 and December 1992, cure rates at the end of initial therapy with amphotericin B (usually with 5-FC) or fluconazole (Յ400 mg/day) were 74 and 68%, respectively, among patients with meningeal infection and 75 and 93%, respectively, among those with nonmeningeal infection (70) . There are no general recommendations at present for the treatment of extraneural cryptococcosis in HIV-infected patients (161) .
For acute cryptococcal meningitis, amphotericin B alone or in combination with 5-FC is the drug of choice for immunocompromised patients as well as immunocompetent patients who are severely ill or in whom infection is rapidly progressing (15, 58, 62, 92, 161) . For HIV-infected patients with acute cryptococcal meningitis, an initial course of amphotericin B with or without 5-FC followed by lifelong maintenance therapy with p.o. fluconazole in a dosage of 200 to 400 mg given once daily (q.d.) appears to be effective in preventing relapse (12, 15, 58, 62, 157) . Fluconazole is highly effective in preventing the recurrence of cryptococcal infection (26) and is more effective than maintenance with once-weekly amphotericin B (200) or once-daily itraconazole (170, 226) . A 400-mg dose of fluconazole appears to be needed if a shorter course of amphotericin B is used as primary therapy (170) . An alternative regimen of high-dose amphotericin B (Ն0.7 mg/kg/day) with or without 5-FC administered for 2 weeks followed by consolidation therapy with 400 mg of either fluconazole or itraconazole per day for 8 to 10 weeks is under investigation (198) . A preliminary analysis of the results of a U.S. study by the NIAID-MSG and AIDS Clinical Trial Group found that this regimen improved survival (the mortality rate was Ͻ8%) (198) . Fluconazole and itraconazole were equally effective in controlling cryptococcal infection (198) . In another study in which high-dose amphotericin B (1.0 mg/kg/day) with or without 5-FC (100 to 150 mg/kg/day) was followed by lifelong maintenance with 300 mg of fluconazole or itraconazole per day, a 94% response rate was achieved and there were no deaths due to cryptococcal infection (50) . Only three relapses occurred during a mean observation period of 10.7 months. Currently, most experts recommend amphotericin B (Ն0.7 mg/kg) plus 5-FC for 2 to 3 weeks followed by fluconazole (400 mg p.o.) for 8 to 10 weeks (15, 161, 198) .
Both fluconazole and itraconazole have been investigated as alternatives for the initial therapy of cryptococcal meningitis, mainly in HIV-infected patients, because they are less toxic and better tolerated than is amphotericin B alone or combined with 5-FC (47, 58, 131, 157, 161) . According to Powderly (196) , initial studies suggested that at a daily dose of 200 to 400 mg, both triazoles were effective for the treatment of cryptococcal meningitis in HIV-infected patients; about 60% of previously untreated patients responded favorably. Most clinicians prefer fluconazole because of problems with absorption of itraconazole in HIV-infected patients. At present, fluconazole (400 mg p.o. q.d.) may be used for the initial therapy of neurologically intact patients with mild disease who are thought to have a favorable prognosis (15, 92, 157) . Because fluconazole doses of 200 to 400 mg sterilize the CSF more slowly than does i.v. amphotericin B (Ն0.3 mg/kg) (median time to first negative CSF culture, 64 and 42 days, respectively) (227), higher fluconazole doses (Ն800 mg/day) have been studied as salvage therapy in HIV-infected patients who failed to respond to prior therapy for cryptococcal meningitis (19) and as primary therapy (115, 159) . In a recent trial, 6 (54.5%) of 14 HIV-infected patients treated with fluconazole (800 to 1,000 mg/day given i.v. for 3 weeks and then p.o.) showed clinical success after 10 weeks of therapy, and at the end of therapy 8 patients (72.7%) had responded (159) . With this high-dose regimen, the median time to sterilization of the CSF was 33.5 days. High-dose fluconazole was well tolerated; treatment was not interrupted and the dose was not decreased because of side effects. Further clinical trials are needed to establish whether high-dose fluconazole will be an alternative to a lower-dose regimen preceded by 2 to 3 weeks of treatment with amphotericin B with or without 5-FC.
Combinations of fluconazole with either amphotericin B or 5-FC have been studied in animal infection models and are undergoing clinical investigation for the treatment of cryptococcal meningitis (95, 229) . Studies of the fluconazole-5-FC combination with and without added amphotericin B in murine models of cryptococcal meningitis (57, 61, 140, 171) have demonstrated that fluconazole markedly enhances the fungicidal activity of 5-FC against Cryptococcus spp. (140, 171) and that the fluconazole-5-FC combination is synergistic in vivo (171) , improves the survival of infected mice (140, 171) , and is effective in cases where monotherapy with either drug was ineffective and in cases in which the infecting isolate was resistant to fluconazole (171) .
A consistent observation in these studies was that when higher doses of fluconazole were used, it was possible to lower the dose of 5-FC while maintaining a maximal therapeutic effect (61, 140, 171) . In one study, the severity of meningitis was varied by delaying the onset of therapy from 3 to 7 days. As meningitis became more severe, the dose of fluconazole in the combination had to be increased (61) . Among mice treated initially on day 3 or 5 postinfection, 100% survival was achieved with fluconazole at Ͼ5 mg/kg/day regardless of the dose of 5-FC. Mice not treated until day 7 postinfection required higher fluconazole doses (Ͼ25 mg/kg/day) for 75 to 100% survival, regardless of the dose of 5-FC. In this latter group with more severe meningitis, a maximal fungicidal effect was achieved with a combination of either fluconazole (45 mg/kg/day) and 5-FC (60 to 90 mg/kg/day) or fluconazole (Ͼ45 mg/kg/day) and 5-FC (30 to 120 mg/kg/day). When the triple combination of fluconazole plus 5-FC and amphotericin B (given as the amphotericin B colloidal dispersion, ABCD) was tested in mice infected with a C. neoformans isolate from an AIDS patient with cryptococcal meningitis who responded promptly to treatment with fluconazole-5-FC, 100% survival was achieved, regardless of the dose of the combination (57) . Without added ABCD, 100% survival was achieved with the fluconazole-5-FC combination when the fluconazole dose was 20 mg/kg/day or more, regardless of the 5-FC dose. Maximum antifungal effect was achieved with fluconazole (Ն30 mg/kg/ day) and 5-FC (20 to 60 mg/kg/day) plus ABCD (5.0 to 7.5 mg/kg/day). Weight changes were not associated with the dose of 5-FC. The animals maintained weight while on the triple combination when the fluconazole dose was Ն10 mg/kg/day and the ABCD dose was 5.0 or 7.5 mg/kg/day; however, weight loss occurred at the highest dosages of fluconazole and ABCD (Ն40 and 7.5 mg/kg/day, respectively). In this model, the best therapeutic effect was achieved with higher doses of fluconazole in combination with low to moderate doses of 5-FC and ABCD.
Clinical trials evaluating the effectiveness of amphotericin B-fluconazole combinations in the treatment of cryptococcal meningitis (95, 229) and candidemia (74, 95, 103) are in progress, and no results have been published to date. The NIAID-MSG halted a clinical trial of fluconazole-5-FC in the treatment of cryptococcal meningitis in patients without AIDS when the disease progressed in some patients (103) . Whether this patient population will benefit from the combination is not known. Preliminary results from a Ugandan clinical trial comparing p.o. fluconazole alone and fluconazole-5-FC in AIDSrelated cryptococcal meningitis showed that use of a higher dose of fluconazole (1200 mg/day) in combination with a lower dose of 5-FC (100 mg/day) did not increase either survival or toxicity (253) . Overall, the findings in the first 100 patients treated showed that the addition of 5-FC for the first 4 weeks of a 10-week course of fluconazole therapy (either 1,200 or 400 mg/day) increased the rate of CSF sterilization and decreased the time to CSF sterilization but increased toxicity. Survival rates after 10 weeks were comparable with fluconazole alone (43 (141) . Because of concern that it might have an additive effect on 5-FC toxicity, especially granulocytopenia, zidovudine was withheld during the initial 6 weeks of treatment. According to Kaplan-Meier estimates, the clinical success rate was 63%, and CSF cultures were sterile after 10 weeks in 75% of the 32 patients. The median time needed for CSF sterilization was 23 days. Six surviving patients considered therapeutic failures at or before 10 weeks responded to amphotericin B clinically, and cryptococci were eradicated from the CSF. Most patients experienced toxicity related to 5-FC, and treatment was discontinued due to dose-limiting side effects in 9 patients (28%). However, 96% of patients tolerated at least 2 weeks of treatment; 89% tolerated at least 4 weeks; 71% tolerated at least 6 weeks; and 62% tolerated 10 weeks. These findings provided the basis for the randomized, controlled clinical trial of this combination currently in progress.
Although not recommended routinely, prophylaxis could be considered for patients at increased risk of developing cryptococcal infection, particularly those with HIV infection (12, 103, 147, 161, 198) . Cryptococcal infections account for about 6% of AIDS-defining illnesses (198) , and patients with CD4
ϩ -cell counts of less than 50 to 100/mm 3 are at greatest risk (12, 147) . Recent clinical evaluations of primary prophylaxis in HIVinfected patients have shown that fluconazole provides protection against cryptococcal infection, particularly in those with CD4 ϩ -cell counts below 50/mm 3 (147, 199) . In the ACTG study, in over 400 patients with CD4 ϩ cell counts below 200/ mm 3 who were monitored for a median of 35 months, cryptococcal infection occurred in 2 of 217 patients receiving fluconazole (200 mg/day) compared with 15 of 211 patients receiving clotrimazole troches (10 mg five times daily) (199) . Among patients with CD4
ϩ -cell counts of 50/mm 3 or less, the differences between treatments were especially evident. In this group, the estimated 2-year cumulative risk of cryptococcal infection was 1.6% for those receiving fluconazole and 9.9% for those receiving clotrimazole (P ϭ 0.02), whereas the corresponding risk estimates for those with higher CD4 ϩ cell counts were 0.8 and 4.3%, respectively (P ϭ 0.04). Fluconazole was also effective in reducing the frequency of Candida infections, although 10.6% of patients receiving the drug experienced at least one episode during the study. Fluconazole had no effect on survival.
A concern is that routine use of fluconazole prophylaxis may lead to breakthrough infections with fluconazole-resistant Candida. A review of blood and venous-catheter cultures obtained from neutropenic patients over a 6-month period documented Candida fungemia in 8 of 76 bone marrow transplant recipients receiving fluconazole (271) . C. glabrata was the species isolated from six of the eight patients in whom fungemia developed.
Although fluconazole prophylaxis should be considered for HIV-infected patients with CD4 ϩ cell counts below 50/mm 3 (12, 161) , the U.S. Public Health Service/Infectious Diseases Society of America (USPHS/IDSA) task force (256) and other experts do not recommend the routine use of fluconazole for the primary prevention of cryptococcal infections in all patients with AIDS for a number of reasons, including failure to demonstrate a survival benefit, the risk of selecting fluconazoleresistant Candida, and cost-benefit considerations (103, 147, 161, 198) .
Endemic Mycoses
Although the endemic mycoses are restricted to certain geographical areas, they are evolving into opportunistic infections that may be encountered elsewhere (147) . Immunocompromised individuals (e.g., transplant recipients, HIV-infected persons) residing in areas of endemic infection tend to develop primary infections, whereas reactivation of infection occurs among those who have left the regions (121) . Immunocompromised individuals are especially susceptible to all but paracoccidioidomycosis, and those with depleted CD4 ϩ cell counts are at high risk of disseminated infection and CNS involvement. Disseminated coccidioidomycosis has been considered to be an AIDS-defining event since 1987, and 10% of HIV-infected individuals living in an area of endemic infection will develop active infection each year (243) . Likewise, histoplasmosis affects 2 to 5% of AIDS patients living in areas of endemic infection in the United States and up to 25% of those in certain cities (262) . Among organ transplant recipients, histoplasmosis is the most common endemic fungal infection; coccidioidomycosis occurs primarily in those who have received kidney, heart, and heart-lung transplants (147) . Blastomycosis is rarely found in either patients with AIDS or transplant recipients (27, 147) , and paracoccidioidomycosis and sporotrichosis generally occur in individuals with normal immune systems (208, 212) .
Coccidioidomycosis. When Coccidioides immitis infection in an individual with an intact immune system is limited to the lungs, antifungal therapy generally is not needed unless the illness is severe; however, disseminated extrapulmonary infection should be treated in most cases (243) . When there is no CNS involvement, extrapulmonary infection may be treated i.v. with amphotericin B (total dose, 1 to 2. (35, 106) . Itraconazole (100 to 400 mg/day; 400 mg/day in most patients) was administered to 49 patients for up to 39 months, including 3 immunosuppressed (non-HIV-infected) patients and 29 patients who had relapsed or failed to respond to prior therapy either with amphotericin B or ketoconazole (106) . Among 44 clinically evaluable patients who completed therapy, the remission rate was 57% (25 patients), based on a 50% reduction in the pretreatment score (i.e., assessments of lesion number and size, symptoms, culture, and serologic titer). Patients improved slowly, with few achieving remission before 10 months; the rate of response was similar for patients with soft tissue, chronic pulmonary, and osteoarticular disease. At the end of the study, 21 of the 25 patients remained in clinical remission. Four relapses occurred at 4, 4.5, 7, and 21 months among 11 patients after therapy for at least 12 months. In the other study, 78 patients with coccidioidomycosis received fluconazole (200 to 400 mg/day) for up to 1 year, including 7 patients with HIV infection and 48 patients who had experienced prior episodes of coccidioidomycosis (35) . Among 75 patients evaluated for efficacy, a satisfactory response (defined as any reduction of baseline abnormality by month 4 and at least a 51% reduction by month 8) was achieved in 12 (86%) of 14 patients with skeletal disease, 22 (55%) of 40 patients with chronic pulmonary disease, and 16 (76%) of 21 patients with soft tissue disease. Forty-one patients who received fluconazole (400 mg/day) for at least part of their treatment were monitored posttreatment for a median of 235 days (range, 21 to 595 days), during which time reactivation of infection occurred in 15 patients (37%). The investigators commented that higher doses of fluconazole should be evaluated, particularly for patients with chronic pulmonary disease. Although some patients with extrapulmonary coccidioidomycosis may respond to ketoconazole (400 mg/day), the likelihood of relapse appears to be even greater than that following treatment with either itraconazole or fluconazole (15, 243) . A comparison of these two triazoles for the initial therapy of nonmeningeal coccidioidomycosis is ongoing (243) . Although the optimal duration of oral azole therapy for nonmeningeal cryptococcal infections remains to be determined, in view of the tendency of coccidioidomycosis to recur after the completion of therapy, Stevens recommends continued administration for 6 months after the disappearance of disease (243) .
For immunocompetent patients with CNS involvement, the traditional therapeutic regimen consists of intra-CSF and systemic amphotericin B plus intrathecal corticosteroid (243) . However, patients may respond to p.o. therapy with either itraconazole or fluconazole, which avoids amphotericin B-related toxicity and the need for intra-CSF administration (90, 243, 255) . Clinical experience with itraconazole is limited to a prospective, nonrandomized, multicenter study of 10 patients with active chronic coccidioidal meningitis refractory to standard therapy with intra-CSF and i.v. amphotericin B and in some cases to ketoconazole (7 patients), miconazole (2 patients), and fluconazole (1 patient) (255) . Neither concurrent illness nor immunodeficiency was considered to be contributing to the meningeal infection. Itraconazole treatment (300 to 400 mg/day) was initiated in five patients while they were receiving intra-CSF amphotericin B and was the sole therapy in the remaining patients. Seven of eight evaluable patients who were monitored on therapy for a median duration of 10 months (range, 6 to 42 months) have responded, including four of five receiving itraconazole alone. The single failure occurred in a patient who was intolerant of intra-CSF amphotericin B and failed to respond to intra-CSF miconazole (20 mg/day) in combination with fluconazole (100 mg/day) and then itraconazole.
Fluconazole, with which there is more experience, has become the preferred initial treatment for patients with coccidioidal meningitis (15, 132) . In an uncontrolled multicenter trial, investigators from the NIAID-MSG evaluated fluconazole treatment in 50 patients with coccidioidal meningitis, including 9 with HIV infection and 3 receiving immunosuppressive therapy (90) . Of these, 25 patients had relapsed following prior therapy with either intrathecal amphotericin B (24 patients) or ketoconazole (1 to 2 g/day) (1 patient). Once-daily treatment with fluconazole (400 mg p.o.) was frequently begun without hospitalization, and most patients were treated on an ambulatory basis. Of 47 evaluable patients, 37 (79%) responded to fluconazole therapy, including 6 of 9 HIV-infected patients who survived for 9 to 26 months. These six patients and four others subsequently died of unrelated causes; of the 27 survivors, 25 continued to receive fluconazole therapy for 2 to 4 years (median, 38 months). Of the 10 patients who failed to respond to fluconazole (400 mg/day), 2 were switched to intrathecal amphotericin B, 2 with HIV infection died, and 6 received fluconazole (800 mg/day) for 15 to 20 months; 4 of these showed improvement. Most responses were noted within the first 4 months of therapy, and response rates were not affected by prior therapy or the presence of HIV infection or hydrocephalus. Symptomatic improvement occurred despite the persistence of CSF pleocytosis and other CSF abnormalities in 15 of 20 responders who were monitored for at least 20 months. The one patient who discontinued fluconazole therapy after responding subsequently relapsed. Ketoconazole is not recommended for use in patients with coccidioidal meningitis. According to Tucker et al. (255), high-dose regimens have been effective in selected patients but are associated with considerable toxicity.
HIV-infected patients with severe coccidioidal infections are treated initially with i.v. amphotericin B (157, 161) , and Masur (157) suggests a dosage of 0.5 to 1.0 mg/kg/day for at least 8 weeks. Although not the preferred agent for initial therapy, fluconazole (400 to 800 mg/day) is an alternative to amphotericin B (157). Primary therapy is followed by lifelong suppression with either fluconazole (200 to 600 mg/day) or itraconazole (100 to 200 mg b.i.d.) (157, 161, 256) , although itraconazole triazole has not undergone clinical evaluation for this use (147) . Ketoconazole is not effective for long-term suppressive therapy in immunocompromised patients, and some HIV-infected patients have developed coccidioidal infection while receiving the drug for other infections (147) . Although the value of antifungal prophylaxis against coccidioidomycosis in HIV-infected patients has yet to be determined, it should be considered for those who are serologically positive for Coccidioides (147) . Fluconazole (200 mg/day) is being evaluated for this use in regions of endemic infection in the United States (262) .
Histoplasmosis. Asymptomatic or mildly symptomatic acute pulmonary infection due to Histoplasma capsulatum in patients with normal immune status generally does not require antifungal therapy (29) . Amphotericin B is the drug of choice for severe or life-threatening infections, for H. capsulatum meningitis, for patients unresponsive to or relapsing after azole therapy (27, 29, 75, 132, 196) , and for the initial therapy of moderate to severe infection in HIV-infected patients (161) . The azoles are alternatives to amphotericin B for the initial therapy of patients with milder infections. Following primary therapy with amphotericin B or an azole, most patients require lifelong maintenance therapy to prevent relapse.
Itraconazole is the drug of choice for the primary therapy of non-life-threatening, nonmeningeal histoplasmosis in patients without HIV infection (27, 132) , and it may also be effective as primary therapy or lifelong suppression in patients who have received solid-organ transplants (110) . Nonrandomized, multicenter, open-label studies demonstrated the effectiveness of itraconazole for the primary treatment of more indolent forms of disseminated histoplasmosis in patients with intact immune systems (63) and in those with underlying HIV infection (264) . In a trial by the NIAID-MSG, 37 patients, 1 of whom had AIDS, were treated for nonmeningeal, non-life-threatening histoplasmosis with itraconazole (200 to 400 mg/day) (63) . The clinical success rates were 81% (30 of 37 patients) overall and 86% (30 of 35 patients) in those who were treated for more than 2 months (median duration, 9.0 months). All 10 patients with disseminated extrapulmonary histoplasmosis and 13 (65%) of 20 patients with chronic cavitary pulmonary infection responded to itraconazole. Of the remaining five patients, two had persistent infection after 3 months of itraconazole therapy and three, treated for 6 to 7 months, relapsed 1, 3, and 12 months after the treatment was discontinued, respectively. An equally good response rate was achieved in AIDS patients treated for a first episode of histoplasmosis with itraconazole (300 mg b.i.d. for 3 days and then 200 mg b.i.d. for 12 weeks) (264) . Of 59 evaluable patients, 50 (85%) responded. An inability to achieve therapeutic concentrations of itraconazole plasma (Ն2 g/ml, measured by bioassay) was thought to have contributed to a lack of response in two patients, and another patient with histoplasma meningitis was considered to have failed to respond when fungemia and meningitis persisted for 2 weeks. An analysis of long-term follow-up data for patients who responded to itraconazole and had completed a median of 12 months of maintenance on the drug was reportedly in progress (264) . Currently, the suggested itraconazole regimens for pulmonary infection are 200 mg/day for 3 to 6 weeks in acute infection and 200 to 400 mg/day for 6 to 12 months in chronic or subacute pulmonary infection (29) . For HIV-infected patients with very mild histoplasmosis, the suggested itraconazole regimen is 600 mg/day for 3 days and then 400 mg/day for 10 weeks, followed by chronic maintenance with 200 to 400 mg/day (157, 161) .
Limited experience in one study suggests that fluconazole might be useful in the treatment of disseminated histoplasmosis in immunocompetent patients (59) . Fluconazole appears to be less effective than itraconazole for the initial therapy of AIDS patients (27, 75, 196, 235) but might be considered for those who are intolerant of itraconazole. A retrospective review of experience with these triazoles in the treatment of AIDS patients with disseminated histoplasmosis at one center found a greater number of remissions in patients who received itraconazole (7 of 12 patients) than in those who received fluconazole (3 of 10 patients) (235) . The mean duration of itraconazole therapy was 24 months (range, 0.1 to 36 months), and the mean duration of fluconazole therapy was 12 months (range, 1.25 to 24 months). Itraconazole (400 mg/day) was the initial therapy in 9 of the 12 patients. One of the remaining patients had received amphotericin B initially, and two others had received fluconazole. Fluconazole (100 mg/day) was the initial therapy in four of five patients who received this dosage and in two of five patients who received 400 to 800 mg/day; the remaining patients initially received amphotericin B. The response to fluconazole did not differ in the two dosage groups. Two of the three treatment failures in the itraconazole group and one of the six failures in the fluconazole group occurred following an interruption in triazole therapy because of associated illness.
Although weekly or biweekly amphotericin B is effective for chronic suppressive therapy (157, 196) , itraconazole is preferred for this use (27, 132, 256) . One regimen suggested for HIV-infected patients with life-threatening histoplasmosis is amphotericin (15 mg/kg/day) for 2 weeks followed by itraconazole (400 mg/day) for 12 weeks and then lifelong maintenance with itraconazole (200 mg/day) (75) . Others recommend a higher dose (200 mg b.i.d.) for itraconazole maintenance (152) . The effectiveness of itraconazole in preventing relapse of disseminated histoplasmosis in HIV-infected patients was demonstrated in a multicenter, open-label clinical trial by the NIAID-MSG (265) . Maintenance therapy with itraconazole (200 mg b.i.d.) was given to 42 AIDS patients with disseminated histoplasmosis who had responded to induction therapy with amphotericin B in a dosage of 15 mg/kg given over 4 to 12 weeks. Two patients (5%) relapsed during a median follow-up of 109 weeks. One patient withdrew from the study at 8 weeks and died of histoplasmosis 18 weeks later while not receiving maintenance. The other patient did not comply with itraconazole therapy and was considered a possible relapse. The median survival in this study was 109 weeks.
Fluconazole appears to be less effective than itraconazole for lifelong maintenance. In a retrospective nonrandomized trial, the relapse rate was 12% (9 of 76) in patients who received fluconazole maintenance at dosages of 100 to 400 mg/ day following successful induction therapy with amphotericin B, itraconazole, or fluconazole (177) . Unlike the itraconazole study, in which patients began maintenance therapy within 6 weeks after induction therapy (265) , 30% of the patients in this study had received other forms of maintenance before starting fluconazole. All nine patients who relapsed had received amphotericin B induction therapy, and four of the relapses occurred in patients maintained on fluconazole (100 mg/day). Median survival from the start of induction in the 76 patients was 94 weeks; survival was significantly better for patients who received more than 1 g of amphotericin B for induction and additional amphotericin B for maintenance before starting fluconazole maintenance than for those who received less than 1 g of amphotericin B and no additional drug prior to fluconazole maintenance (156 and 74 weeks, respectively; P Ͻ 0.02). These investigators considered chronic suppressive therapy of histoplasmosis with fluconazole (Ն200 mg/day) moderately effective and an option for patients in whom itraconazole is inappropriate (because of drug interactions, malabsorption, side effects).
Although ketoconazole (400 mg/day) has been effective in nonmeningeal (i.e., disseminated and chronic pulmonary) infection in immunocompetent patients (15, 29) , relapse rates are high (27) . HIV-infected patients with histoplasmosis respond poorly to ketoconazole (161) , and ketoconazole is not effective for chronic suppressive therapy (29, 196) . Its use has largely been replaced by fluconazole and itraconazole (132) .
With regard to primary prophylaxis, a placebo-controlled trial of itraconazole conducted in AIDS patients living in cities with a high incidence of histoplasmosis demonstrated a protective effect (147) . Other studies have shown that low-dose fluconazole (100 to 200 mg/day) does not protect HIV-infected patients against Histoplasma (147) , and a patient receiving fluconazole 50 mg/day for thrush developed signs of histoplasmosis (235) .
Blastomycosis. Many patients with mild pulmonary infection due to Blastomyces dermatitidis recover spontaneously without antifungal therapy and require only prolonged follow-up (27) . For seriously ill patients, those with CNS involvement, and HIV-infected patients, amphotericin B is the drug of choice (27, 37, 161, 196) . A clinical trial by the NIAID-MSG demonstrated that itraconazole (200 to 400 mg/day) was highly effective in the treatment of nonmeningeal, non-life-threatening pulmonary and extrapulmonary blastomycosis in patients without HIV infection (63) . Treatment was successful overall in 43 (90%) of 48 patients, and the percentage cured rose to 95% (38 of 40 patients) among those treated for more than 2 months. The median duration of itraconazole therapy in these 38 responders was 6.2 months (range, 3.0 to 24.4 months), and the median interval from the end of therapy to the last posttreatment examination was 11.9 months (range, 0.0 to 25.1 months). Most relapses of blastomycosis occur within a few months after the completion of therapy, but only one patient treated for more than 2 months relapsed. This patient, who had cutaneous blastomycosis, was markedly immunosuppressed due to a splenectomy and prolonged corticosteroid therapy for autoimmune hemolytic anemia. Based on their findings, the investigators concluded that itraconazole (200 mg/day) was highly effective for most patients with nonmenin-geal, non-life-threatening forms of blastomycosis and that the itraconazole dosage should be increased to 400 mg/day for those with progressive or persistent infection. Recently, Bradsher (27) commented that itraconazole (200 mg/day for 6 months) should replace amphotericin B for less seriously ill, compliant patients with nonmeningeal infection but cautioned that patients have developed CNS blastomycosis while receiving either itraconazole or ketoconazole.
Experience with fluconazole in the treatment of blastomycosis is limited and suggests that this triazole is not as effective as itraconazole (27, 182, 196) . A multicenter, randomized pilot study by the NIAID-MSG demonstrated that fluconazole (200 and 400 mg/day) was moderately effective in the treatment of patients with non-life-threatening, non-CNS blastomycosis, including six patients who had failed to respond to treatment with ketoconazole or amphotericin B or who had relapsed when therapy was discontinued (182) . Fluconazole therapy was successful in 15 (65%) of 23 evaluable patients, including the 6 patients who had failed to respond to prior antifungal therapy. For the 15 patients who responded to fluconazole, the median duration of therapy was 6.7 months and the median duration of posttreatment follow-up was 11.3 months. Success rates with the 200-and 400-mg/day doses of fluconazole were 62% (8 of 13 patients) and 70% (7 of 10 patients), respectively, suggesting that the higher dose was more effective; however, the numbers of patients were too small to establish this conclusively. The investigators consider fluconazole a useful alternative for patients who fail to respond to standard antifungal agents and commented that others have successfully treated CNS blastomycosis with fluconazole.
As is the case for other endemic mycoses, use of ketoconazole has been supplanted by that of itraconazole and fluconazole (27, 37, 132) . Itraconazole (200 to 400 mg/day) is also used for long-term suppression of blastomycosis in HIV-infected patients (161, 196) , although in their review, Lortholary and Dupont (147) stated that no clear recommendations could be made about either primary prophylaxis or long-term suppression.
Paracoccidioidomycosis. Although usually restricted to tropical and subtropical areas, infection due to Paracoccidioides brasiliensis may be encountered elsewhere among former residents of these areas. It is a unique systemic mycosis, because it can be treated with sulfonamides either alone or in combination with trimethoprim (208) . These drugs are administered for 3 to 5 years to prevent relapse (208) . Both ketoconazole and itraconazole are also effective in the treatment of paracoccidioidomycosis; itraconazole is preferred over ketoconazole because the duration of therapy is shorter (6 months and 12 to 18 months, respectively), the daily dosage is lower (100 and 200 to 400 mg, respectively), there are fewer relapses (3 to 5% and 10%, respectively), and risk of drug interactions or hepatic toxicity is minimal (208) . Fluconazole (200 to 400 mg/ day) was effective in 27 of 28 immune-normal patients with paracoccidioidomycosis who were treated in a multinational study (59) . Most patients (19 of 28) were treated for 6 months or less, and of the 16 responders who had posttreatment follow-up, only 7 were monitored for at least 1 year. The only relapse occurred 24 months posttreatment in a patient with cutaneous and oral infection who was treated for only 2 months. Larger numbers of patients will have to be treated and observed for several years thereafter before the usefulness of fluconazole in treating this deep mycosis can be determined (59, 208) .
Sporotrichosis. Like paracoccidioidomycosis, infections caused by Sporothrix schenckii occur mainly in tropical and subtropical regions (212) . Because it is more expensive, itraconazole (100 to 200 mg/day) is considered an alternative to treatment with a saturated solution of potassium iodide but is used for the initial treatment of extracutaneous sporotrichosis in a dose of 200 to 400 mg/day (212) . The effectiveness of itraconazole in the treatment of lymphocutaneous, articular/ osseous, or pulmonary sporotrichosis was demonstrated in a clinical trial by the NIAID-MSG, in which 27 adults received 30 courses of itraconazole therapy (100 to 600 mg/day) lasting 3 to 18 months (234). Eleven patients had failed to respond to prior therapy, which included ketoconazole in six patients and fluconazole in two others. In 25 of the 30 courses of treatment, patients responded to itraconazole (usually 200 or 400 mg/ day). Seven patients who responded to itraconazole relapsed 1 to 7 months posttreatment, two of whom were improving with additional itraconazole therapy. One responder was lost to follow-up after 10 months of itraconazole therapy, 3 responders continued to receive itraconazole, and 14 remained disease free during follow-up periods ranging from 6 to 42 months. Experience with fluconazole in the treatment of sporotrichosis is limited. In a multinational study, 13 of 19 patients with cutaneous or lymphocutaneous sporotrichosis responded to fluconazole (200 to 400 mg/day) (59) . Of the 13 patients, 10 responded within 6 months and had remained free of infection for at least 8 months (10 of 13 patients) to 1 year (6 of 10 patients). Only one patient who was treated for only 1 month relapsed 2 months posttherapy. These investigators recommended that patients who respond to fluconazole during the first 6 months of therapy be treated for a minimum of 6 to 12 months. For the treatment of extracutaneous sporotrichosis, both fluconazole (200 to 400 mg/day) and ketoconazole (400 to 800 mg/day) appear to be less effective than itraconazole (212) . The efficacy of all three drugs in the treatment of advanced pulmonary sporotrichosis has yet to be established; some patients have responded, and others have not (212) . No reports of the use of these azoles in meningeal infection due to S. schenckii have been published (212, 234, 272) .
Other Systemic Mycoses
Experience with the azoles in other systemic mycoses is limited but suggests that ketoconazole and itraconazole may be useful in the treatment of more indolent cases of infection due to Pseudallescheria boydii or Penicillium marneffei (17) . In addition, a child who developed invasive sinonasal infection with Scopulariopsis candida while undergoing treatment for nonHodgkin's lymphoma responded to prolonged treatment with a combination of amphotericin B (total dose, 3,000 g for 5 months), itraconazole (500 mg/day for 6 months), and granulocyte colony-stimulating factor; cancer chemotherapy was withheld (137) . Neither ketoconazole, itraconazole, nor fluconazole has demonstrated good efficacy in the treatment of mucormycosis (47) .
SUPERFICIAL MYCOSES
As shown in Table 4 , a number of topical and several oral azole antifungal agents are used in the treatment of a variety of superficial mycotic infections. It should be noted that topical azoles other than those listed in Table 4 are available as well. A detailed discussion of each individual infection and antifungal agent is beyond the scope of this review; a general overview follows. For additional information, the reader is referred to the guidelines of care for superficial mycotic infections of the skin that were developed by the American Academy of Dermatology's Guidelines/Outcomes Committee and published in 1996 and from which much of the information on clinical uses provided in Table 4 was obtained (64) (65) (66) (67) (68) (69) .
Mucocutaneous Candidiasis
Many forms of mucocutaneous candidiasis respond well to either topical or systemic therapy with a variety of azole antifungal agents (Table 4) (64) . Among the systemic agents, use of ketoconazole for conditions requiring prolonged treatment has been largely replaced by that of fluconazole because of concerns about hepatotoxicity with ketoconazole. This is especially true in patients who have received solid-organ transplants, because of the interaction between ketoconazole and cyclosporin (110) . Fluconazole has been used widely to treat mucocutaneous candidiasis, particularly in HIV-infected patients; problems with absorption in this patient population have limited the use of itraconazole p.o. tablets. However, in 1997 itraconazole cyclodextrin p.o. solution with enhanced drug absorption was approved by the FDA for the treatment of OPC and esophageal candidiasis.
Oropharyngeal and esophageal candidiasis. OPC is a frequent problem in HIV-infected patients and usually precedes esophageal candidiasis (75, 197) . Up to 90% of AIDS patients will experience at least one episode of OPC, and up to 50% may develop esophageal infection (197) . Recurrent OPC is common, affecting as many as 50% of patients (197) . OPC can be treated with both topical and systemic agents (3, 64, 108, 197) , although relapse tends to be more rapid following topical therapy (3, 197) . For initial and/or milder episodes of OPC, usually seen in patients with early HIV infection, topical antifungal agents such as nystatin pastilles or oral solution, clotrimazole troches, or miconazole buccal gel (available in Europe) are usually effective (3, 72) . However, OPC is generally more severe in those with advanced HIV infection, and systemic azole therapy may be required (3) . All patients with esophageal candidiasis should be treated with a systemic antifungal agent (197) . Although both ketoconazole oral tablets and itraconazole oral capsules are effective in the treatment of oral and esophageal candidiasis in HIV-infected patients, their use in patients with more advanced HIV infection has been limited because of problems with drug absorption (75, 103, 220) .
Fluconazole, which is effective in both OPC and esophageal candidiasis (99, 102) , has become the standard agent for the treatment of these infections (75, 203) . From 1988 to date, more than 20 million patients in the United States, including 500,000 with AIDS, have received fluconazole (data on file, Pfizer Pharmaceuticals, New York, N.Y.). Clinical resistance to fluconazole has emerged among patients with AIDS and OPC, and Rex et al. (220) estimate that approximately 5% of patients with advanced AIDS and OPC or esophageal candidiasis will eventually fail to respond to fluconazole therapy. However, in the absence of inherently resistant Candida species such as C. krusei or C. glabrata, contributory anatomic factors, interactions with concomitant therapies, or poor compliance with the regimen, therapeutic failures are rare and are usually associated with underlying neutropenia and the use of relatively low doses (Յ200 mg/day) (220) .
Fluconazole therapy remains effective, at least initially, for most patients with AIDS and OPC, and those who ultimately fail to respond to standard doses may respond to 800 mg/day (220) . An alternative may be to switch patients who become unresponsive to fluconazole tablets to the oral suspension (156) . A pharmacokinetic study comparing drug concentrations in saliva and plasma following administration of fluconazole capsules and oral suspension found that although concentrations in plasma and areas under the concentration-time curve (AUCs) were comparable for the two formulations, the mean AUC 0-24 in saliva was greater with the oral suspension than with the capsules (89.13 Ϯ 23.42 and 69.27 Ϯ 12.89 mg/ h/liter, respectively) (135) . Clinically, Martins and Rex recently reported that two patients with advanced AIDS (CD4 ϩ -cell counts below 10/mm 3 ) and OPC refractory to fluconazole tab- (156) . The use of itraconazole for the treatment of OPC and esophageal candidiasis has been limited to a large extent by the variable absorption of the drug following ingestion of the capsule formulation. This is particularly the case in patients with more advanced HIV infection, who are afflicted by dysphagia and hypochlorhydria and are invariably receiving concomitant drug therapy (111) . However, an itraconazole oral solution in hydroxypropyl-␤-cyclodextrin with improved absorption was approved by the FDA in February 1997 for the treatment of OPC and esophageal candidiasis. Compared to the capsule formulation, itraconazole absorption from the oral solution was increased by 30% in normal volunteers (107, 270) and trough concentrations in patients with chemotherapy-induced neutropenia were twice as great (98) . Higher concentrations of itraconazole and its active metabolite hydroxyitraconazole in serum have also been recorded in HIV-infected patients (32, 221) and contribute to the enhanced efficacy of the oral solution (32) . Administration of a 5-mg/kg dose of itraconazole oral solution either q.d. or b.i.d. to bone marrow transplant recipients or patients receiving chemotherapy for acute myeloid leukemia provides adequate concentrations in serum for antifungal prophylaxis (201, 202) .
A topical effect of the itraconazole oral solution is also thought to contribute to the more favorable clinical response of patients with OPC compared with the response to the capsule formulation (72, 221) . In 23 HIV-infected adults with oral candidiasis treated with 100 mg of itraconazole oral solution given b.i.d. 10 min after breakfast and dinner for 14 days, effective concentrations (Ͼ250 ng/ml) of drug were achieved in plasma at day 4 (221). Concentrations of itraconazole in saliva were highest 2 h after ingestion, and mean concentrations in excess of 250 ng/ml persisted at 4 h. A comparison of pharmacokinetic data for 12 patients with CD4
ϩ -cell counts of Ͼ200/ mm 3 and no AIDS and 11 patients with CD4 ϩ -cell counts of Ͻ100/mm 3 and AIDS showed that the relative bioavailability of itraconazole from the oral solution was not affected by the stage of HIV infection (221) . In both groups of patients, marked clinical improvement was evident within 3 to 4 days after the start of therapy and complete cure was achieved in 6.4 days in all 12 patients with no AIDS and in 6.9 days in 9 of 11 patients with AIDS; the remaining 2 AIDS patients were markedly improved. Based on the rapid therapeutic response, together with the high concentrations of itraconazole found in saliva, the investigators suggest that the oral solution has a topical action (221). Dupont et al. (72) believe that the topical effect of itraconazole solution is greater than the systemic effect for two reasons: (i) a clinical response is evident within a few days, whereas steady-state concentrations in serum after administration of itraconazole capsules are not achieved for 2 weeks, and (ii) although itraconazole has a long half-life, patients relapse quickly following the completion of therapy.
Multicenter clinical trials have shown that itraconazole oral solution is superior to clotrimazole troches for the treatment of OPC in immunocompromised patients (mainly those with HIV infection or AIDS) (164) , and as effective as oral fluconazole in the treatment of HIV-infected patients with OPC (107) or esophageal candidiasis (270) . In these studies, patients rinsed their mouths vigorously with the oral solution for several seconds before swallowing and did not rinse afterward, contributing to any topical effect. Compared to clotrimazole troches (five 10-mg troches per day), a 14-day course of itraconazole oral solution (200 mg once daily) achieved significantly higher rates of mycological eradication (32 and 60%, respectively P Ͻ 0.001) and overall response, defined as a negative culture plus clinical cure or improvement (30 and 53%, respectively; P ϭ 0.006) (164) . Relapse during the first month posttreatment occurred in 46% of 39 patients responding to itraconazole and 60% of 21 patients responding to clotrimazole, with the median time to relapse being 31 days and 28 days, respectively. Another open-label study in 179 patients with HIV infection or AIDS demonstrated that itraconazole oral solution (200 mg once daily for either 7 or 14 days) was equivalent to oral fluconazole (100 mg once daily for 14 days) for most efficacy parameters. Complete eradication of lesions was achieved in 87% of patients treated with itraconazole for 7 days, 86% of those treated with itraconazole for 14 days, and 97% of those treated with fluconazole (107) . Approximately half of the patients in each treatment group relapsed during the first month posttreatment. The results of a randomized, double-blind comparative study in 126 immunocompromised patients with esophageal candidiasis showed that itraconazole oral solution was clinically and mycologically equivalent to oral fluconazole (270) . Both drugs were administered in a dosage of 100 to 200 mg once daily for 3 to 8 weeks; treatment was continued for an additional 2 weeks following resolution of symptoms. A clinical response (cured or improved) was achieved in 94% (50 of 53 patients) in the itraconazole group and 91% (52 of 57 patients) in the fluconazole group; the corresponding rates of mycological eradication were 92% (45 of 49 patients) and 78% (40 of 51 patients), respectively. Relapse within 30 days after completing treatment occurred in 8 patients (18%) treated with itraconazole and 12 patients (27%) treated with fluconazole; median times to relapse were not significantly different.
Itraconazole oral solution has proven to be effective for HIV-infected patients with OPC clinically refractory to fluconazole (32, 33, 72, 81, 195) , although a small percentage (ϳ30%) of patients with isolates cross-resistant to itraconazole fail to respond (32, 33) . In a preliminary study in 24 patients with pseudomembranous OPC refractory to treatment with 200 to 400 mg of fluconazole per day for 7 to 10 days, treatment with itraconazole oral solution (100 mg b.i.d.) (duration not stated) cured 21 patients and markedly improved the condition of the remaining 3 patients (72) . No follow-up data were provided. These investigators noted that in their experience, treatment of such patients with 200 to 400 mg of encapsulated itraconazole per day has been of limited value. In a multicenter, open-label trial, 78 HIV or AIDS patients with OPC who had failed to respond to treatment for 14 days or longer with at least 200 mg of fluconazole per day within the 14 days preceding the study were treated with itraconazole (100 mg b.i.d.) for 14 days, which was continued for an additional 14 days if the patient had not responded (81) . Among 74 patients with positive mycological cultures at study entry, clinical improvement was achieved in 52 (70%), with complete clearing of lesions in 41 (55%). However, mycological eradication was documented at day 14 or day 28 in only 8 (11%) of the patients, although 17 (23%) had mycological cure, defined as yeast quantification of Յ20 CFU/ml. This was not unexpected, because clinical improvement despite the persistence of yeast is frequently seen in AIDS patients with recurrent OPC (204) . All 22 responders who were monitored posttreatment relapsed an average of 13 days after clinical cure, according to KaplanMeier estimates. A similar overall clinical response rate of 65% (22 of 34 patients) was observed following a 14-day course of itraconazole solution (100 mg b.i.d.) in another prospective, open-label study in HIV-infected patients failing to respond to Ն100 mg of fluconazole per day for Ն10 days (195) . However, 4 (36%) of 11 responders with posttreatment follow-up relapsed within 2 months. Itraconazole cross-resistance (defined as an MIC of Ͼ10 mg/liter) was implicated in the failure of therapy with itraconazole oral solution in four patients with C. albicans infection. Likewise, two of four patients who had failed to respond to prior therapy with itraconazole capsules (200 to 300 mg/day) failed to respond to itraconazole oral solution; the remaining two responded (one completely and one partially).
Studies relating clinical outcome with itraconazole oral solution to concentrations in serum and in vitro susceptibility in HIV and AIDS patients with risk factors for or documented clinical resistance to fluconazole (32, 33) used the Odds relative growth microplate method for in vitro studies (181) rather than the National Committee for Clinical Laboratory Standards (NCCLS) approved method for yeasts (169) . With Odds' method, a cutoff relative growth in itraconazole of 68% was correlated with failure to respond clinically to itraconazole oral solution (32, 33) . Among patients with itraconazole-susceptible isolates, clinical failure was associated with failure to achieve an itraconazole concentration in serum in excess of 1,000 ng/ml on day 7 of treatment (as measured by highperformance liquid chromatography), and none of the patients with itraconazole-resistant isolates responded to treatment (32) . An assessment of the response of HIV-infected patients with OPC to itraconazole oral solution (200 mg b.i.d. for 7 days) according to in vitro susceptibility showed that although the rate of clinical clearance of candidiasis in patients with fluconazole-susceptible isolates was 100% (28 of 28 patients), it was only 60% (43 of 72 patients) in patients with a fluconazole-resistant isolate and prior clinical failure to respond to fluconazole therapy (33) . Cross-resistance to itraconazole was documented in 29 (30%) of 96 fluconazole-resistant Candida isolates and in 38% of C. glabrata isolates, but all fluconazolesusceptible isolates remained susceptible to itraconazole. All five C. krusei isolates were resistant to fluconazole but remained susceptible to itraconazole.
Overall, itraconazole oral solution has been well tolerated, with a side effects profile similar to that of fluconazole (107, 270) . The adverse events most commonly reported by patients receiving itraconazole oral solution were nausea, vomiting, diarrhea, and abdominal pain (81, 107, 164, 195, 270) . In two studies, patients complained about the taste of the itraconazole oral solution (98, 195) , which did not appear to interfere with compliance among HIV-infected patients (195) but which was associated with nausea immediately after ingestion in patients with chemotherapy-induced neutropenia (98) .
The USPHS/IDSA recommends chronic suppressive fluconazole therapy for HIV-infected adults or adolescents who have experienced one or more episodes of esophageal candidiasis (256) . However, most experts do not recommend lifelong antifungal prophylaxis for OPC or esophageal candidiasis, unless the patient is profoundly immunocompromised (CD4 ϩ -cell count, Յ50/mm 3 ), because of concerns about the emergence of resistance and because that most episodes of infection respond clinically to topical or oral antifungal therapy (12, 147, 256) . For patients in whom prophylaxis is indicated, maintenance with 50 to 200 mg/day or 150 to 200 mg/week (147, 199, 204, 210, 233) decreases the rate of subsequent relapse following resolution of an episode of OPC. Options for patients who relapse repeatedly are topical clotrimazole or nystatin, or fluconazole, ketoconazole, or itraconazole (147, 256) , which may be administered either intermittently or continuously. As experience with itraconazole oral solution becomes greater, this formulation may also prove particularly useful for long-term suppressive therapy. Continuous administration of antifungal prophylaxis appears to be preferable to intermittent administration, because several controlled trials have shown lower relapse rates among patients receiving drug continuously (119, 204, 210) .
As noted previously, there is a concern that resistance will develop during fluconazole prophylaxis. A recent comparative study by the NIAID/ACTG in patients with advanced HIV infection demonstrated that prophylaxis with fluconazole (200 mg/day) was more effective than clotrimazole troches (10 mg five times daily) in decreasing not only superficial fungal infections but also cryptococcosis, esophageal candidiasis, and invasive mycoses (199) . However, 10.6% of patients receiving the drug experienced at least one episode of candidiasis (either proved or presumed) during follow-up. This suggests the possible development of fluconazole resistance, but no data on resistance patterns were obtained in this trial.
Other investigators have monitored the development of resistance in oral isolates from patients receiving fluconazole prophylaxis during controlled clinical trials (119, 210) . In one study, HIV-positive patients (CD4 ϩ -cell count, Ͻ350/mm 3 ) received either intermittent or continuous fluconazole prophylaxis (200 mg/day) following treatment of an acute episode of OPC (210) . Over a median follow-up of 11 months, oral samples for culture were obtained weekly during OPC episodes and quarterly for surveillance. Microbiological resistance (defined in this study as a fourfold increase in the MIC to Ն16 g/ml) was noted in 9 (56%) of 16 patients receiving continuous fluconazole and in 13 (46%) of 28 receiving intermittent therapy (P ϭ 0.75). Nevertheless, therapeutic responses to fluconazole (up to 800 mg/day) for the treatment of recurrent OPC were excellent in 42 of 44 patients. Another study compared oral isolates from HIV-infected patients (CD4 ϩ -cell count, Ͻ400/mm
3 ) who had received either continuous (19 patients) or intermittent (11 patients) fluconazole for at least 6 months as maintenance therapy for cryptococcal meningitis or to prevent OPC or esophageal candidiasis with those from matched controls who had not received fluconazole during the preceding 6 months (119). Compared with matched controls, significantly more (P Ͻ 0.001) patients receiving continuous fluconazole had sterile cultures; none of those receiving intermittent fluconazole had sterile cultures. Moreover, both groups of patients receiving fluconazole were more likely to have non-albicans species of Candida isolated, and these isolates, as well as C. albicans isolates, were more likely to be associated with high fluconazole MICs (i.e., Ն16 g/ml). However, none of the patients receiving continuous fluconazole had symptoms of oroesophageal candidiasis whereas five patients receiving intermittent fluconazole had signs and/or symptoms of OPC.
These studies suggest that fluconazole prophylaxis can select for non-albicans species of Candida and that these species, as well as C. albicans isolates, are more likely to show in vitro resistance to fluconazole. However, this increased in vitro resistance has not translated into clinical resistance thus far.
Vulvovaginal candidiasis. An estimated 75% of women will experience at least one episode of vulvovaginal candidiasis (VVC) during their lifetime (73) . VVC is often associated with conditions such as diabetes mellitus, antibiotic therapy, and pregnancy, but many women have no predisposing factors (36, 73) . Although retrospective data reported during the early years of the AIDS pandemic suggested that the prevalence of VVC was increased in HIV-infected women compared to noninfected women, an association has yet to be proven; prospective, controlled studies to resolve this issue are in progress (36, 268) . Moreover, the response of VVC to standard antifungal therapy appears to be similar among HIV-infected and HIVnegative women (36) . In the 1998 guidelines issued by the Centers for Disease Control and Prevention (CDC), VVC is now classified as either uncomplicated " . . . ie, mild-to-moderate, sporadic, nonrecurrent disease in a normal host with normally susceptible C. albicans" or complicated " . . . ie, severe local or recurrent VVC in an abnormal host (eg, VVC in a patient who has uncontrolled diabetes or infection caused by a less susceptible fungal pathogen such as Candida glabrata)." Treatment for 7 days or less is effective for uncomplicated VVC, but complicated infection requires 10 to 14 days of therapy with either a topical or p.o. azole (36) .
Current treatment recommendations for uncomplicated VVC issued by the CDC apply to both HIV-infected and HIV-negative women (Table 5 ) (36) and probably would be effective for the treatment of this infection in children and adolescents (259) . Intravaginal therapy with an azole antifungal agent is more effective than topical nystatin and provides clinical and mycological cure in 80 to 90% of patients who complete the full course of therapy (36, 238) . Two of the recommended intravaginal regimens, 500-mg clotrimazole vaginal tablet and 6.5% tioconazole ointment, require only a single application, which should optimize compliance. Other intravaginal regimens require 3 or 7 days of therapy. Intravaginal azole therapy is generally well tolerated, but Sobel's experience indicates that mild to moderate vulvovaginal burning occurs more often than is generally thought (238) .
Many women prefer oral therapy, and the CDC recommends fluconazole (150 mg) given in a single dose (36) Recurrent VVC, defined as four or more symptomatic episodes within 1 year, is experienced by fewer than 5% of women, most of whom have no obvious predisposing factors (36, 242) . For these patients, the CDC recommends that maintenance therapy for at least 6 months begin immediately after 10 to 14 days of intensive initial therapy (36) . A 100-mg p.o. dose of ketoconazole once daily for up to 6 months has been found to decrease the frequency of VCC recurrences, and a weekly fluconazole regimen is being investigated clinically (36) . In two multicenter, placebo-controlled trials, administration of a single 150-mg p.o. dose of fluconazole monthly for 4 or 12 months provided effective prophylaxis against recurrent candidiasis in one study (237) . With prophylactic administration for 4 months, VVC recurrence rates were 39 and 53%, respectively, among women who received fluconazole or placebo (P ϭ 0.051). Among women receiving prophylaxis for 12 months, the recurrence rate (42%) in the fluconazole group was significantly (P ϭ 0.02) lower than that (68%) in the placebo group. The median times to recurrence with fluconazole prophylaxis for either 4 or 12 months (153 days and Ͼ363 days, respectively) were significantly longer than those with placebo (83 and 182 days, respectively); P values at 4 and 12 months were 0.036 and 0.007, respectively. Weekly application of 0.8% terconazole cream may also provide effective prophylaxis. In one clinical trial, 22 women were treated initially for an acute episode of VVC with 0.8% terconazole cream for 3 days, which was extended for an additional 3 days if the patient remained symptomatic after the first 3 days (242). This was followed by suppressive therapy with one applicator of 0.8% terconazole cream once weekly for an additional 26 weeks. One patient discontinued treatment after 16 weeks due to vaginal irritation, and another patient was lost from the study. During 26 weeks of prophylaxis, 10 (50%) of 20 women experienced 14 episodes of vaginal symptoms, 5 of which were attributable to genital pathogens including Candida (4 episodes) and bacterial vaginosis (1 episode). After the prophylactic phase of the study, 14 (78%) of 18 women monitored for an additional 26 weeks experienced a recurrence of VVC, a statistically significantly higher incidence (P Ͻ 0.001, Fisher's exact test) than that observed during maintenance therapy.
Sex partners of women diagnosed with VVC do not receive antifungal therapy routinely unless they have symptomatic balanitis or penile dermatitis (36) . Therapeutic options include a 1-to 2-week course of a topical antifungal agent such as clotrimazole, econazole, ketoconazole, or miconazole or p.o. treatment with fluconazole or itraconazole (64, 240) . With (73) . In HIV-infected patients, areas commonly involved are the groin, axilla, and/or inframammary region (3). Unless infection is widespread or refractory or occurs in an immunocompromised patient, topical azoles are generally effective when given alone or in combination with a short course of topical corticosteroid to reduce inflammation (64) . More severe infections require systemic therapy with a p.o. azole or possibly terbinafine (64) .
Chronic mucocutaneous candidiasis. Chronic mucocutaneous candidiasis (CMC), a chronic, recurrent form of candidiasis affecting the skin, nails, and mucous membranes, is an immunologic disease (73, 134) . In most patients, the major immunologic defect is the inability of T lymphocytes to respond effectively to stimulation with Candida antigen (73, 134) . Individuals who develop the disease in infancy or early childhood have the most severe immunologic defects (134) . Topical azole therapy for skin and mucous membranes involvement is of limited value (73) but may be useful as an adjunct to systemic treatment with fluconazole, ketoconazole, or itraconazole (64) . Prolonged treatment is needed, and unless it is combined with immunostimulating procedures, most patients will relapse within a few weeks or months after azole therapy is discontinued (73, 134) . According to Kirkpatrick (134) , patients treated with Candida transfer factor in combination with a systemic antifungal agent have experienced remissions of CMC lasting more than 10 years.
Onychomycosis
Most nail infections are caused by dermatophytes (Trichophyton spp. and Epidermophyton floccosum), followed by yeasts (mainly C. albicans) and, rarely, saprophytic moulds (111, 223) . Although a number of topical agents are active against dermatophytes (Table 4) , they seldom cure fungal nail infections when used as monotherapy, even with prolonged application (43, 65, 111, 145) . However, use of topical antifungal agents may slow the spread of infection in patients who are unwilling or unable to take p.o. antifungal agents (76) . Preliminary data suggest that nail lacquers containing either amorolfine (43, 49) or tioconazole (65) may offer increased efficacy. Until the availability of p.o. azoles, griseofulvin was the primary p.o. agent for the treatment of onychomycosis due to dermatophytes but not Candida spp. or saprophytes (117, 145, 223) . Cure rates in fingernail infections approach 80% after 6 to 9 months of griseofulvin therapy, but 50% or less of toenail infections respond even to prolonged therapy for 12 to 18 months (223). With ketoconazole, it became possible to treat onychomycosis due to Candida as well as dermatophytes, but prolonged administration was still necessary because, like griseofulvin, ketoconazole must be administered until the nail plate is clear (145, 223) . In fingernail infections, ketoconazole was slightly more effective than griseofulvin; however, the response in toenail infections remained inadequate (ϳ50% cure rate) (223) . Because of the risk of hepatotoxicity with prolonged therapy, p.o. ketoconazole is no longer used for fungal nail infections (223) . Until recently, chemical or surgical avulsion of infected nails was used in conjunction with topical or systemic therapy in an attempt to increase effectiveness (43, 145) ; it is rarely performed now (65) .
Today, griseofulvin and ketoconazole have been replaced by p.o. terbinafine and p.o. itraconazole, both of which are approved in the United States for the treatment of onychomycosis due to dermatophytes. A meta-analysis of 18 published studies by Arikian et al. (8) suggest that itraconazole is more effective in the treatment of toenail onychomycosis than either griseofulvin or ketoconazole but is less effective than terbinafine. For fingernail onychomycosis, a meta-analysis of 16 studies showed that terbinafine was the most effective treatment, followed by ketoconazole, itraconazole, and griseofulvin (8) . However, an advantage of itraconazole is that it is effective in the treatment of nail infection due to Candida as well as dermatophytes (111, 224) whereas the activity of p.o. terbinafine is limited to dermatophyte infections (65, 145, 223, 224) . Terbinafine is administered p.o. in a dosage of 250 mg q.d. for 6 weeks in patients with fingernail infections and for 12 weeks in patients with toenail infections. Similarly, the recommended itraconazole regimen for the treatment of toenail onychomycosis with or without fingernail involvement is 200 mg q.d. for 12 weeks. A pulse regimen consisting of two 1-week treatment periods with 200 mg b.i.d. separated by a 3-week drug-free period effectively treats fingernail onychomycosis. Pulse therapy with itraconazole is effective, because the drug persists in therapeutic concentrations in fingernails for up to 3 months and in toenails for up to 6 months after the completion of therapy (111) . Results of a recent randomized, open trial in 50 patients with mycologically confirmed onychomycosis due mainly to Trichophyton rubrum suggest that pulse therapy is also effective for toenail infections (48) . Response rates were comparable among patients treated with either three or four pulses of itraconazole administered in a dosage of 200 mg b.i.d. for the first 7 days of each month. Detectable amounts of itraconazole were present in the distal ends of the nails after the first pulse, reached therapeutic concentrations (Ͼ250 ng/g) with further therapy, and persisted at levels in excess of 300 ng/g for several months after the completion of therapy. At follow-up 1 year after the start of treatment, clinical response rates (cure or marked improvement) were 88% (22 of 25 patients) in the three-pulse group and 84% (21 of 25 patients) in the four-pulse group; mycological cure rates (negative KOH preparation and negative culture) were 80% (20 of 25 patients) in both groups. The itraconazole regimen of four pulses of 200 mg b.i.d. for the first 7 days of each month has also been reported to be efficacious in the treatment of onychomycosis in patients with HIV infection (3).
Another promising alternative for the treatment of onychomycosis is oral fluconazole, which may be effective against infection due to both dermatophytes and C. albicans (9, 65, 117, 139, 145) . Detectable levels of fluconazole are present in the nails within 48 h (116), and in a study of normal subjects a mean concentration of 1.5 mg/kg was achieved in fingernails with administration of 50 mg/day for 2 weeks (102). Clinical experience with fluconazole in onychomycosis is limited. An open, noncomparative study in 20 patients with onychomycosis due to T. rubrum evaluated once-weekly administration of fluconazole (150 mg) for up to 12 months (mean duration, 9.3 months) (139) . The 39 most severely affected toenails and 7 fingernails were used to assess therapeutic efficacy. Clinical and mycological cures were achieved for all fingernails and 92% of toenails, and respective cure rates 6 months after the completion of treatment were 100 and 83%. Administration of fluconazole (100 mg per day for 24 weeks) clinically and mycologically cured dermatophyte fingernail infection in three of five healthy adults who had failed to respond to prior therapy with topical or oral antifungal agents. Another patient who remained mycologically positive at the end of treatment was clinically clear and culture negative at the 3-month posttreatment follow-up examination (125) . In another study, a 100-mg dose of fluconazole administered every other day for 4 to 8 months was successful in the treatment of toenail infection in two patients who had failed to respond to prolonged therapy with p.o. griseofulvin (44) . Like itraconazole, fluconazole has successfully treated onychomycosis in patients with HIV infection (3, 76) . Once-weekly treatment with 150 mg of fluconazole effectively treated fingernail onychomycosis in a renal transplant patient (165) . Marked improvement was noted at 3 months, treatment and complete resolution occurred after 5 months of treatment, and the patient remained free of infection at 2 months posttreatment. No adjustments in cyclosporin A dosage were necessary during fluconazole therapy. In another study, 11 patients with moderate-to-severe onychomycosis were treated with 200 mg (1 patient) or 300 mg (8 patients) of fluconazole once weekly or with 100 or 200 mg of fluconazole every other day (2 patients) (9) . None of the patients underwent concurrent nail avulsion, but eight did use topical antimycotic agents (e.g., 1% creams containing terbinafine, oxiconazole, or econazole) as adjuncts. All six patients with toenail infection, which was caused by T. rubrum in four patients, were cured clinically after once-weekly fluconazole therapy lasting for 20 to 36 weeks (mean time to cure, 25.7 weeks). Any concurrent tinea pedis also was cured, as was concomitant fingernail onychomycosis. Five patients with fingernail infection only, which was caused by C. albicans in three patients, C. parapsilosis in one patient, and Fusarium solani in one patient, were clinically cured following treatment with fluconazole either once weekly (three patients) or every other day (two patients). The mean duration of therapy for fingernail onychomycosis was 15.8 weeks (range, 8 to 28 weeks). Cultures were not repeated posttreatment to document the mycological response. At the time of their report, Assaf and Elewski (9) commented that all patients remained clinically clear of infection but that most had only completed therapy 2 to 3 months earlier. One patient with fingernail infection due to F. solani remained clear 14 months after completing therapy.
Dermatophytoses
Many dermatophytoses respond well to topical antifungal therapy; however, more extensive or severe disease may require systemic therapy. Prolonged treatment (ϳ6 weeks) with an oral antifungal agent generally is needed to cure tinea capitis and tinea barbae; topical antifungal preparations may be used as adjuncts (68, 84) . Negative cultures were achieved in 93% of 42 patients with tinea capitis due to Trichophyton tonsurans or Microsporum canis following treatment with itraconazole, the usual regimen being 100 mg/day for 5 weeks (143) . Likewise, 89% of children included in a multicenter, noncomparative study were cured 2 months after completing treatment with itraconazole (5 mg/kg/day) for 6 weeks (49). Noninflammatory lesions of tinea corporis, tinea cruris, and tinea pedis generally respond to topical treatment with one of the azoles or other topical antifungal agents, but inflammatory lesions may require p.o. therapy, particularly if the infection is chronic or has failed to respond to prior topical antifungal agents or the patient is immunosuppressed (69) . Among symptomatic, HIV-infected patients, tinea pedis is the most common dermatophytosis, followed by onychomycosis and tinea cruris (3). Moreover, most cases of tinea corporis in this patient population are actually an extension of tinea cruris infection (3). Tinea cruris and tinea corporis in AIDS patients require systemic p.o. therapy with one of the azoles, whereas most cases of uncomplicated tinea pedis will respond to topical treatment with a broad-spectrum azole (3) .
A number of comparative trials have shown that itraconazole is more effective than griseofulvin in the treatment of tinea corporis, tinea cruris, and tinea pedis, and two studies comparing 15-to 30-day treatment with itraconazole (100 mg/ day) or fluconazole (50 mg/day) suggest that the efficacy of these triazoles is similar (111) . According to Degreef and De Doncker (49) , the duration of therapy can be shortened by increasing the daily dose of itraconazole to 200 mg. Mycological cure and a clinical response at the end of follow-up (time not specified) were achieved in 89 and 97%, respectively, of patients treated for tinea corporis and tinea cruris with itraconazole (200 mg/day) administered for 1 week. For the treatment of tinea pedis, itraconazole (200 mg/day) is effective when administered once daily for 2 weeks or twice daily for 1 week (50) . One study of patients with "dry-type" tinea pedis found that 95% had responded clinically at 4 weeks posttreatment and 85% were mycologically cured (49) .
Pityriasis (tinea) versicolor generally responds to topical antifungal therapy (67) , but 60 to 80% of infections recur (231). Savin (231) recommends a short course of a p.o. azole such as itraconazole (200 mg/day for 7 days) or fluconazole (400 mg/ day for 3 days). A 400-mg dose of ketoconazole also is effective when administered once or repeated monthly (49). For HIVinfected patients, Aly and Berger (3) recommend p.o. ketoconazole administered as a 400-mg dose for 1 to 3 days and repeated monthly thereafter. If Malassezia folliculitis is present, a regimen of p.o. ketoconazole (200 mg/day) for 10 to 14 days is suggested (3). Because relapse is common among patients with pityriasis versicolor, the effect of itraconazole prophylaxis was studied in 125 patients who had responded to initial treatment with itraconazole (200 mg/day) for 7 days and were then randomized 1 month later to treatment with a single 200-mg dose of itraconazole or placebo given once monthly for 5 months (111) . Clinical and mycological recurrences were recorded significantly more often in patients receiving placebo (11%) than in those receiving itraconazole (29%).
IN VITRO SUSCEPTIBILITY TESTING
In 1997, NCCLS released the approved version (M27-A) of standardized broth macrodilution and microdilution methods for the antifungal susceptibility testing of yeasts (169) . The M27 method was proposed in 1992, after two multicenter studies provided data on critical factors affecting the reproducibility of testing from one laboratory to another, including endpoint definition, inoculum size and preparation, incubation time and temperature, and media (191, 194) . For a detailed discussion of these and other issues that were addressed in the course of development of the method, the reader is referred to the 1993 reviews by Rex et al. (219) and Sheehan et al. (236) . Subsequent studies identified suitable quality control isolates (189, 218) , showed that there was good agreement between broth macrodilution and microdilution methods (80), established that incubation at 35°C for 48 and 72 h provided the most consistent results for Candida spp. and Cryptococcus neoformans, respectively (87) , and demonstrated that the 48-h microdilution MIC was in close agreement with the macrodilution MIC (80) . A summary of the M27 methodology is pro-vided in Table 6 (217) . The interlaboratory reproducibility with this method for the antifungal susceptibility testing of yeasts compares well with that achieved for the testing of antibacterial susceptibility (217) .
Once standardized methodology was developed, members of the NCCLS Subcommittee for Antifungal Susceptibility Testing investigated interpretive breakpoints for antifungal agents (217) . Interpretive guidelines for testing the susceptibility of Candida isolates to fluconazole and itraconazole developed by the Subcommittee after its analysis of data packages submitted to the NCCLS by the manufacturers and incorporated in the approved method appear in Table 7 (169) . Factors considered for each drug included MIC and outcome data (mainly for OPC in AIDS patients), pharmacology, correlation between MICs and results of animal studies, and clinical data correlating MIC with outcome. For details of the Subcommittee's analysis, the reader is referred to their 1997 publication in Clinical Infectious Diseases (217) . Overall, the fluconazole data were consistent with the view that both MIC and drug dose contribute to the therapeutic response to this triazole and that, regardless of the actual MIC, C. krusei is intrinsically resistant to the drug. For itraconazole, the key factors were the MIC and itraconazole level in plasma rather than the dose; data from studies of OPC in AIDS patients suggest that the therapeutic response may be enhanced when itraconazole levels in plasma exceed 0.5 g/ml (217) .
A number of future modifications of the M27-A method are under investigation. To provide for isolates exhibiting trailing growth when tested against azole antifungal agents, the method established 48 h as the appropriate time for reading MICs for Candida spp. and the end-point criterion as an 80% reduction in growth (215) . However, the correlation between MICs and outcome in vivo may be improved by shortening the incubation time to 24 h (215, 217) and by relaxing the endpoint criterion, at least for fluconazole, to the lowest drug concentration producing a 50% reduction in growth (215) . This was investigated in a recent study in which Candida isolates showing trailing growth when tested against fluconazole were ranked in order of in vivoresponse in a murine model of invasive candidiasis (215) . For three of the six isolates tested, the M27-A criterion overestimated resistance. However, a better correlation between the MIC and the in vivo response was obtained by using the criterion of a 50% reduction in growth after 24 h of incubation. Another strategy used with the broth microdilution method disperses trailing growth by mechanical agitation of the microdilution tray before the MIC is read (5) . A multilaboratory study evaluated this technique when it was used to test C. albicans and C. neoformans against fluconazole, 5-FC, and amphotericin B (5). Additional modifications to the M27 microdilution method used in this study were an increased total volume, a reduced incubation time of 24 h for C. albicans and 48 h for C. neoformans, and a 10-fold greater inoculum. End-point criteria were a reduction in growth of at least 75% before agitation or of at least 50% after agitation. All aspects of the method showed good to excellent reproducibility, regardless of drug, organisms, or end-point criterion.
Trailing growth was not completely eliminated by agitation, but the technique did make it possible for most observers to interpret the end point, particularly for fluconazole.
Colorimetric and spectrophotometric tests are also under investigation as a means of decreasing the subjective nature of the NCCLS methods, although the cost of the spectrophotometric equipment for turbidimetric testing puts it beyond the budget of many clinical laboratories (78) . A colorimetric test incorporating the oxidation-reduction indicator Alamar Blue (Accumed/Sensititre/Alamar, Westlake, Ohio) to enhance the readability of broth microdilution end points compared favorably with the NCCLS broth microdilution method when used to determine the antifungal susceptibility of 600 clinical yeast isolates to amphotericin B, fluconazole, and 5-FC; overall agreement between methods was 95% or greater for all three antifungal agents at 24 h (190) . An advantage of the colori- b Shown are the breakpoints for Candida species against the indicated agents. If MICs are measured on a scale that yields results falling between categories, the next higher category is implied. Thus, an isolate with a fluconazole MIC of 12.5 g/ml would be placed in the S-DD category. These breakpoints were adopted at a meeting of the subcommittee held June 1, 1996 in Reston, VA. They are considered tentative for 1 year and are open for comments.
c Susceptibility is dependent on achieving the maximal possible level in blood. For fluconazole, doses of 400 mg/day or more may be required in adults with normal renal function and body habitus. For itraconazole, measures to ensure adequate drug absorption and concentrations of Ͼ0.5 g/ml in plasma may be required for an optimal response.
d -, the susceptibility of these isolates is not certain, and the available data do not permit them to be clearly categorized as either susceptible or resistant.
e For fluconazole, these guidelines are based substantially on experience with mucosal infections but are consistent with the limited information for invasive infectious due to Candida spp. Isolates of C. krusei are assumed to be intrinsically resistant to fluconazole, and the MICs for these isolates should not be interpreted on the basis of this scale. It is also pertinent that the 8-g/ml upper boundary for the range of susceptibility to fluconazole is not known with certainty; the data would permit selection of either 4 or 8 g/ml for this cutoff.
f For itraconazole, the data are based entirely on experience with mucosal infections and data supporting breakpoints for invasive Candida infections are not available. metric microdilution method is that it can be automated (190) . Another simple and relatively low-cost method under investigation is an adaptation of the Etest for antifungal susceptibility testing. A plastic strip containing a defined continuous gradient of antifungal drug is placed on the surface of inoculated RPMI agar and then incubated overnight or for 24 h for Candida spp. and C. glabrata or for 48 to 72 h for Cryptococcus neoformans (46) . Etest strips containing amphotericin B, fluconazole, 5-FC, itraconazole, and ketoconazole are currently available for investigational purposes (78) . Studies comparing the Etest MICs of the three azoles for these yeast species with the NCCLS broth macrodilution and microdilution MICs showed that there was good general agreement between methods (46, 77) . However, one group recently reported large discrepancies between Etest and NCCLS microdilution MICs and commented that the Etest was difficult to read for azole antifungal drugs (97) .
The NCCLS method has limited ability to identify isolates of Candida and Cryptococcus resistant to amphotericin B (96) . By substituting antibiotic medium 3 broth buffered to pH 5 or 7 for RPMI 1640 medium buffered to pH 7, Rex et al. (214) were able to discriminate between amphotericin B-resistant and -susceptible isolates of Candida. Further studies to identify suitable quality control isolates and to establish interlaboratory reproducibility are in progress (214) . However, the Etest may provide a simpler alternative. A comparison of the Etest and the NCCLS broth macrodilution method with 91 clinical Candida isolates found that agreement within Ϯ2 dilutions between the two methods was 95% for fluconazole and 96 to 97% for amphotericin B (261) . Moreover, the Etest was able to identify amphotericin B-resistant isolates on glucose-supplemented RPMI 1640 agar as well as on undefined antibiotic medium 3.
Adaptations of the NCCLS broth macro-and microdilution methods for yeasts are being evaluated for the antifungal susceptibility testing of filamentous fungi (78, 79) . At present, routine susceptibility testing of yeasts and other fungi is not recommended (193, 217) . However, experts believe that susceptibility testing of Candida spp. may help guide therapy when AIDS patients with oropharyngeal candidiasis or some patients with invasive candidiasis fail to respond to azole therapy (193, 269) .
ISSUES IN ANTIFUNGAL DRUG RESISTANCE
For details of the cellular and molecular mechanisms of azole resistance described to date for C. albicans, many of which are probably operative in other species of fungi, the reader is referred to the recent review by White et al. (269) . This section provides a brief overview of current knowledge about resistance in the clinical setting, which has been reported for each of the currently marketed oral azole antifungal agents (269) . Most reviews have focused on azole resistance in Candida spp., and the majority of reports have discussed fluconazole resistance because this drug has been the most widely used azole. However, fluconazole-resistant clinical isolates of C. neoformans (257) and H. capsulatum (266) and itraconazole-resistant clinical isolates of A. fumigatus (55) have been documented recently. The focus here is on Candida spp. because it has been studied extensively.
Candida spp. resistant in vitro to azoles have been encountered most often in AIDS patients with OPC, and a limited number of studies have correlated in vitro resistance with clinical failure to respond to treatment in this patient population (96, 217, 220, 269) . Recent reports suggest that in this clinical setting, approximately 30% of patients with advanced AIDS will develop azole-resistant Candida infection (152, 211) . Azole resistance, usually involving C. albicans, typically occurs in patients with CD4
ϩ cell counts of Ͻ50/mm 3 who were previously exposed to azoles and in whom the total cumulative dose of azole has been 10 g or greater (211, 269) . Generally the same strain of C. albicans is repeatedly isolated and is associated with progressively increasing MICs over repeated courses of azole therapy, the dose of which has been gradually increased to achieve a therapeutic response (220) . A fluconazole dose of 100 mg/day begins to be less effective in AIDS patients with OPC when the MIC for the infecting Candida isolate reaches 8 g/ml and is generally ineffective at an MIC of 16 g/ml. Higher doses of 400 to 800 mg/day may effectively treat the infection until the MIC is 64 g/ml or higher (96) . Loss of a fluconazole-resistant C. albicans isolate which emerged during treatment of OPC with intermittent fluconazole (50 to 200 mg three times weekly or more) was reported in a patient following resolution of clinical signs of infection after itraconazole treatment (130) . In a fluconazole-naive patient believed to have acquired a C. albicans strain with decreased susceptibility to fluconazole (MIC, Ͼ16 g/ml by the NCCLS method) from his sexual partner, OPC failed to respond to fluconazole (200 mg/day) initially but a subsequent episode which occurred after loss of this strain did respond (118) . Non-C. albicans isolates resistant to fluconazole, including C. glabrata, C. tropicalis, C. parapsilosis, C. kefyr, and C. krusei, have been recovered from AIDS patients with OPC and have been associated with therapeutic failure in some cases (220) . Typically, these species have been isolated from patients who have received prior courses of azole therapy, and increased MICs usually have been associated with clinical failures (220) .
Most reports of azole resistance in non-HIV-infected patients have involved infections with non-albicans species of Candida, such as C. krusei, which are intrinsically resistant to fluconazole (220, 269) . The largest number of failures have been found in patients who developed fungemia during fluconazole therapy or in whom preexisting fungemia failed to respond to fluconazole (2, 22, 176, 220) . One or more risk factors were present in patients who developed fungemia while receiving fluconazole, including leukemia, lymphoma, solid tumor, bone marrow transplant, diabetes mellitus, neutropenia, i.v. catheters, or high-dose steroid therapy (220) . Many of these patients were given fluconazole prophylactically in low doses (Յ200 mg/day) either alone or in combination with amphotericin B, and C. krusei and C. glabrata were the predominant isolates (2, 172, 220 ). An increased incidence of infections due to C. krusei and C. glabrata has been noted in cancer patients, bone marrow transplant recipients, and patients in surgical intensive care units; however, whether this is related to the use of fluconazole or to other factors such as neutropenia is not known (269) . In one retrospective review of all cultures positive for Candida over a 5-year period (1987 to 1991), cases of invasive C. krusei candidiasis were identified in eight non-HIVinfected, immunocompromised patients, seven of whom were colonized with this yeast before infection was diagnosed (127) . All eight patients received amphotericin B, which was initiated in seven patients before invasive candidiasis was diagnosed, and four patients also received 5-FC while hospitalized. None of the eight patients received fluconazole. Nosocomial transmission of a clonal strain of C. krusei rather than use of fluconazole for antifungal prophylaxis was the apparent cause of an outbreak of C. krusei fungemia among patients in the hematology and oncology unit of one large hospital (25, 178) .
Fluconazole-resistant C. albicans has been reported rarely in non-HIV-infected patients (269); however, Nolte et al. (176) recently described two patients with leukemia who developed fungemia due to fluconazole-and amphotericin B-resistant C. albicans after approximately 2 weeks of fluconazole prophylaxis (400 mg/day) and empirical amphotericin B therapy (0.5 mg/kg/day). An antifungal susceptibility study of 232 bloodstream Candida isolates obtained from nonneutropenic patients during treatment for candidemia with either fluconazole (400 mg/day) or amphotericin B (0.5 to 0.6 mg/kg/day) found no correlation between high MICs of either antifungal drug and clinical outcome (213, 216) . These investigators suggested that factors such as failure to exchange intravascular catheters may have had a greater effect on the therapeutic outcome in these patients.
According to White et al. (269), risk factors for the development of resistant C. albicans in response to azole exposure in bone marrow transplant recipients are being studied. A recently completed surveillance study of yeast isolates from patients with leukemia or lymphoma and those undergoing bone marrow or solid-organ transplants failed to find an association between prior antifungal therapy and the gastrointestinal carriage of a new, drug-resistant organism (25) . Use of fluconazole at the medical center began in 1990, and this drug accounted for 90% of subsequent azole use though 1997. Azole resistance was first documented in 1993, after 3 years of continuous use of fluconazole. However, the susceptibility of C. albicans to fluconazole, ketoconazole, and miconazole has remained stable since then, and C. albicans has remained the predominant species, accounting for 70 of 101 colonizing yeast isolates recovered from 97 non-AIDS, immunocompromised patients between 1994 and 1997. C. glabrata accounted for 15 isolates, C. krusei accounted for 8, and C. tropicalis accounted for 7. The rates of resistance among patients who had previously received antifungal therapy and those who had not were comparable (26 and 20%, respectively). The following MICs were used to define susceptible strains: fluconazole, Յ10 g/ ml; ketoconazole, miconazole, or itraconazole, Յ5 g/ml. The overall susceptibility of C. albicans during 1994 to 1997 remained stable, ranging from 77 to 90% for fluconazole, 92 to 100% for ketoconazole, and 73% to 95% for miconazole, with invasive isolates showing comparable if not better susceptibility. Although itraconazole was used infrequently, 17 and 12% of C. albicans isolates tested in 1996 and 1997, respectively, were resistant to this agent.
There have been isolated reports of fluconazole-resistant Candida spp. in non-HIV-infected patients in other clinical settings (220, 269) , including 17 patients who had never been treated with azole antifungal agents (100) . In addition to the occurrences reviewed by Rex et al. (220) and White et al. (269) , there have been reports of fluconazole-refractory C. albicans candiduria in an infant with postsurgical sepsis and an indwelling urinary catheter (120), C. parapsilosis infection of a prosthetic knee joint which failed to respond to prolonged fluconazole therapy despite isolation of susceptible isolates (267) , and development of C. famata peritonitis refractory to fluconazole in a 76-year-old man receiving continuous ambulatory peritoneal dialysis for chronic nephropathy (205) .
The impact of the azole dosing regimen on the development of resistance remains to be determined. Experience suggests that use of these antifungal agents to prevent OPC may favor the emergence of resistance (269) . Whether the development of resistance can be reduced by continuous administration of a high dose of azole for a short course of therapy remains to be determined. Fluconazole resistance has been reported with continuous and intermittent use, with daily and weekly prophylaxis, and with sporadic single doses in patients with AIDS (269) . An ongoing multicenter study by the MSG and the ACTG is evaluating some of these factors as they relate to azole use in HIV-infected patients (269) .
AZOLE ANTIFUNGAL AGENTS UNDER DEVELOPMENT
A number of promising new azole and triazole derivatives are currently being developed by several pharmaceutical companies. Three of these agents-voriconazole, ER-30346, and D0870-are derivatives of fluconazole, and another agent, SCH 56592, is a hydroxylated analogue of itraconazole. All of these new agents are active following p.o. administration; voriconazole and T-8581 may also be administered i.v., and SCH 56592 shows topical activity. With the exception of D0870, UR-9746, and UR-9751, which show little activity against Aspergillus spp., the new triazole derivatives possess potent, broad-spectrum antifungal activity. These agents have promise for the treatment of a wide variety of superficial and systemic infections due to both opportunistic and endemic fungal pathogens. As of December 1997, only voriconazole was in phase III clinical trials; SCH 56592 was in phase I/II studies, and the other new azoles were in the preliminary stages of development; and D0870 had been withdrawn from development. Thus, any proposed clinical uses are based for the most part on in vitro data and the results of in vivo studies in experimental animal infection models. The chemical structures, proposed routes of administration, and potential clinical uses of these compounds are listed in Table 8 .
Voriconazole
Voriconazole (UK-109,496) is a new triazole derivative of fluconazole discovered by Pfizer that is currently undergoing phase III clinical trials (60) . Compared to fluconazole, voriconazole exhibits 1.6-and 160-fold greater inhibition of ergosterol P-450-dependent 14␣-demethylase in C. albicans and A. fumigatus lysates, respectively (124) . Studies with C. albicans and C. krusei have shown that voriconazole inhibits ergosterol synthesis in a dose-dependent fashion and is more effective than fluconazole in this regard (228) .
In vitro activity. Voriconazole exhibits potent, wide-spectrum activity against clinically important fungal pathogens such as Candida spp. (11, 222) , Aspergillus spp. (40, 163) , and Cryptococcus neoformans (39, 173) ; dimorphic fungi such as B. dermatitidis, Coccidioides immitis, and H. capsulatum (158) ; and also emerging and less common mold pathogens including several species of Fusarium and Penicillium marneffei (206) .
When tested against 249 isolates including C. albicans, C. guilliermondii, C. krusei, C. kefyr, C. parapsilosis, and C. tropicalis, voriconazole was 10 to 100 times more potent than fluconazole (11) . The enhanced activity of voriconazole was especially evident for C. krusei and C. guilliermondii, most strains of which were relatively resistant to fluconazole (MIC 90 s, 64 and 124 g/ml, respectively) but much more susceptible to voriconazole (MIC 90 s, 0.5 and 4.0 g/ml, respectively). Voriconazole also demonstrates good activity against C. albicans strains with decreased susceptibility to fluconazole (11, 222) . Rhunke et al. (222) determined the susceptibility of 105 C. albicans oral isolates from HIV-infected patients to voriconazole by using the broth microdilution technique proposed by the NCCLS in 1995 (M27-T) (168) . Against 75 fluconazoleresistant (MIC, Ն25 g/ml) and 30 fluconazole-sensitive (MIC, Ͻ25 g/ml) C. albicans isolates, voriconazole MICs ranged from 0.09 to 3.12 g/ml and Յ0.048 to 0.78 g/ml, respectively. Voriconazole MICs for fluconazole-resistant isolates were significantly higher than those for fluconazole-susceptible isolates (P Ͻ 0.001). In another study, voriconazole was 4-to 16-fold more active than fluconazole and 2-to 8-fold more active than itraconazole against Candida species, including C. krusei and C. glabrata (39) . Isolates that were highly resistant to both fluconazole and itraconazole also exhibited cross-resistance to voriconazole, consistent with common mechanisms of resistance. Incubation time has an effect on the voriconazole MIC for some Candida isolates. Lozano-Chiu et al. (148) tested the activity of voriconazole against 173 pathogenic bloodstream and oral Candida isolates by the NCCLS microdilution method (169) . Although MICs for most isolates were similar at 24 and 48 h, trailing growth produced voriconazole MICs for some isolates that were much higher at 48 h than at 24 h. Overall, the modal voriconazole MIC was Յ0.008 g/ml at both 24 and 48 h for isolates for which the fluconazole MICs were Յ8 g/ml.
However, for isolates for which the fluconazole MICs were Ն16 g/ml, the modal voriconazole MIC was 0.125 g/ml at 24 h and 0.25 g/ml at 48 h. This difference was especially evident for C. tropicalis isolates, for which the voriconazole modal MIC was Յ0.008 g/ml at 24 h and Ͼ4 g/ml at 48 h.
Voriconazole exhibits fungicidal activity against Aspergillus spp., with a minimum fungicidal concentration (MFC) of 0.34 g/ml (124) . When tested at a U.S. medical center against clinical isolates of A. fumigatus (n ϭ 21), A. flavus (n ϭ 10), and A. niger (n ϭ 10) by a modification of the proposed NCCLS method (79) , voriconazole MICs for all three isolates (MIC ranges, Ͻ0.03 to 0.5, 0.25 to 0.5, and 0.25 to 1.0 g/ml, respectively) were lower than those of amphotericin B (MIC ranges, 0.5 to 2.0, 1.0 to 4.0, and 0.5 to 1.0 g/ml) (163). Voriconazole was more active than itraconazole against strains of A. fumiga- In two susceptibility studies using the NCCLS broth macrodilution method (M27-A), voriconazole was highly active against C. neoformans (39, 173) . When tested against 33 clinical isolates of C. neoformans, 12% of which were associated with fluconazole MICs of Ͼ8 g/ml, the MIC 50 of voriconazole was 0.06 g/ml (39). All isolates were inhibited by voriconazole at Ͻ0.125 g/ml, indicating that there was no cross-resistance between fluconazole and voriconazole. In another study of 50 clinical isolates of fluconazole-susceptible (MIC, Յ8 g/ml), fluconazole-susceptible dose-dependent (MICs, 16-32 g/ml), and fluconazole-resistant (MIC, 64 g/ml) C. neoformans, the MICs of voriconazole and itraconazole increased in parallel with those of fluconazole (173) . Against fluconazole-susceptible isolates, the GM MIC of voriconazole was 0.07 g/ml, which was significantly lower than that of itraconazole (0.14 g/ml; P ϭ 0.001). However, against fluconazole-susceptible dose-dependent isolates, voriconazole and itraconazole were equally active (MICs, 0.37 and 0.29 g/ml, respectively). Likewise, for fluconazole-resistant isolates, the MICs of voriconazole and itraconazole were either 1 or 2 g/ml. According to the investigators, this is the first report of such high MICs of these two triazoles for C. neoformans.
Voriconazole also shows potent in vitro activity against Fusarium spp. (40, 124) . Using the NCCLS macrodilution method, adapted for molds, Clancy et al. (40) tested the activity of voriconazole and amphotericin B against 25 clinical isolates of Fusarium. Voriconazole MICs ranged from 0.25 to 2 g/ml, with a GM MIC of 1.2 g/ml and a MIC 90 of 2 g/ml. By contrast, 82% of Fusarium isolates were associated with amphotericin B MICs of Ն1 g/ml, a level that cannot be achieved reliably in serum. In a comparison of the susceptibility of various pathogenic molds to voriconazole and itraconazole, voriconazole was more active in vitro than itraconazole against the six Fusarium isolates tested (206) .
Other clinically important dimorphic fungi, as well as oppor- (Table 9 ) (158). They also found that the voriconazole MICs were lower than those of amphotericin B and itraconazole as well as fluconazole for P. boydii and C. immitis and that the MICs of voriconazole and itraconazole for P. marneffei were nearly identical. Using an agar dilution method in high-resolution medium, Radford et al. (206) found that the in vitro activity of voriconazole was greater than that of itraconazole against Acremonium kiliense, Lasiodiplodia theobromae, Scedosporium prolificans, Scopulariopsis brevicaulis, and Paecilomyces lilacinus but not Paecilomyces variotii. Both triazoles showed excellent in vitro activity against P. marneffei, and voriconazole showed good activity against other molds, including Bipolaris australiensis, Cladophialophora bantiana, several Exophiala and Fonsecaea spp., and several molds that cause eumycetoma, including Leptosphaeria senegalenis and Madurella mycetomatis. Voriconazole is similar to itraconazole with regard to activity in vitro against zygomycetes; most appear to be resistant to these triazoles (38, 101) . In a study of in vitro activity, voriconazole MICs were 32 to Ͼ64 g/ml for the following members of this class: Mucor ramosissimus, Rhizomucor pusillus, Cunninghamella bertholletiae, and Absidia corymbifera (38) . Pharmacokinetics. The pharmacokinetics of voriconazole following p.o. or i.v. administration were studied in the mouse, rat, rabbit, guinea pig, and dog (128, 129) . In all species, apparent p.o. bioavailability was 60% or greater following single or multiple once-daily administration. Following multiple once-daily administration, systemic clearance was increased approximately fivefold in the mouse and rat and less than twofold in the guinea pig and dog; there was no increase in the rabbit. The volume of distribution was relatively constant at 1.7 Ϯ 0.6 liters/kg. Mean values for terminal elimination halflife ranged from 1.0 to 1.6 h in the mouse, rat, and rabbit and were 3.4 h and 5.5 h, respectively, in the dog and guinea pig. It was concluded that in the mouse and rat, significant autoinduction of clearance with multiple dosing decreases systemic concentrations in these species. Voriconazole is a relatively high-clearance drug in these species, as well as in the rabbit, but not in either the guinea pig or the dog. Therefore, Jezequel et al. (128) consider the guinea pig the species of choice for tests of in vivo efficacy. By using whole-body autoradiography, voriconazole was shown to distribute rapidly and extensively through the tissues following i.v. administration to rats; however, most of the radioactivity had been excreted by 72 h. Steady-state concentrations of voriconazole in guinea pig CSF were approximately 50% of the concentrations in plasma, whereas those in CNS tissues were approximately twofold higher. Plasma protein binding in the mouse, rat, rabbit, guinea pig, and dog ranged from 51 to 67%. The amount of radioactivity excreted in the urine represented 71, 87, and 61% of the dose, respectively, in the rat, rabbit, and dog and only 45% of the dose in the mouse. The remainder of the dose was excreted in the feces, and in all species less than 7% of the dose was excreted as unchanged drug. Overall, voriconazole is extensively metabolized by the liver to more than nine metabolites, most of which were identified in the four animal species tested (129) . The pharmacokinetics of voriconazole in humans have been studied in approximately 300 volunteers and patients following i.v. and p.o. administration of single and multiple (for 10 to 30 days) doses (136, 184) . Absorption was fairly rapid following p.o. administration; the time to maximum concentration of drug in serum (T max ) was less than 2 h, and the mean half-life (t 1/2 ) was about 6 h. Bioavailability was relatively high (up to 90%). Accumulation (up to eightfold) and a decrease in systemic clearance was observed with administration of multiple doses. The relatively low volume of distribution (2 liters/kg) suggests wide distribution of voriconazole throughout body fluids and tissues (184) . Consistent with a plasma protein binding of 58%, the concentration of voriconazole in saliva was 65% of that in plasma. These findings demonstrate that the pharmacokinetics of voriconazole in human subjects are nonlinear, possibly as the result of saturable, first-pass metabolism and systemic clearance (184) . In a separate investigation, the metabolism and excretion of voriconazole were studied following administration of a single p.o. or i.v. dose of radiolabeled drug after attainment of steady state with nonradiolabeled voriconazole given p.o. at a dosage of 200 mg twice daily or i.v. at a dosage of 3 mg/kg twice daily (185) . Following administration by either route, total recovery of radioactivity during 6 days was greater than 90%, with about 78 to 88% being recovered in urine and 18 to 27% being recovered in feces. Less than 5% of the dose was excreted as unchanged drug; voriconazole was extensively metabolized to three major and five minor metabolites. According to Patterson et al. (185) , three human liver microsomes participate in the metabolism of voriconazole: CYP2C9, CYP2C18, and CYP3A4.
Experimental in vivo activity. In keeping with its potent antifungal activity in vitro, voriconazole was effective as a therapeutic agent in a number of animal models of fungal infections, including systemic candidiasis, pulmonary and intracranial cryptococcosis, systemic and pulmonary aspergillosis, and Aspergillus endocarditis. In neutropenic guinea pigs with systemic candidiasis, p.o. voriconazole was equivalent to p.o. fluconazole or itraconazole and superior to i.v. amphotericin B in decreasing the fungal load in kidney tissues of animals infected with C. albicans. Voriconazole was more active than fluconazole or itraconazole in animals infected with C. krusei, C. glabrata, or azole-resistant strains of C. albicans (254) . Likewise, in guinea pig models of pulmonary and intracranial infections due to C. neoformans, voriconazole was as effective as fluconazole and itraconazole in decreasing the fungal load in lung and brain tissue, respectively but amphotericin B was ineffective in both models (122) . In neutropenic guinea pigs with systemic aspergillosis, p.o. voriconazole given twice daily was curative (i.e., the tissue cure rate was 100%) and was significantly (P Ͻ 0.05) more effective than either itraconazole at the same dosage or amphotericin B given i.v. on alternate days (123) . Similarly, in immunocompromised guinea pigs with pulmonary aspergillosis, voriconazole was significantly (P Ͻ 0.05) more effective than itraconazole at the same dosage; the respective cure rates were 50 and 11% (123) . In another study, voriconazole was highly effective in the prevention and treatment of A. fumigatus endocarditis in guinea pigs and was more effective than itraconazole (155) . As prophylaxis, voriconazole (10 mg/kg) given intraperitoneally (i.p.) twice daily prevented infection in 11 of 12 animals whereas itraconazole at the same dosage did not prevent infection in any animal. When infected guinea pigs were treated p.o. with either voriconazole or itraconazole at a dosage of 10 mg/kg twice daily for 7 days, the respective cure rates were 100 and 0%.
Although the pharmacokinetics of voriconazole in the rat and the rabbit are suboptimal as a result of its rapid metabolism in these species (128) , voriconazole was effective against aspergillosis in these animal models (93, 163) . In an immunosuppressed, temporarily leukopenic rabbit model of invasive aspergillosis, p.o. administration of voriconazole at 10 or 15 mg/kg every 8 h for 5 days (15 doses) beginning 24 h after lethal or sublethal challenge eliminated mortality and reduced the tissue burden of A. fumigatus 10-to 100-fold in the liver and kidneys and to a lesser extent in the lungs (93) . Both dosages eliminated circulating antigen, and at the higher dosage no viable organisms were recovered from brain. Voriconazole had a t 1/2 of 2.5 to 3 h in rabbits, and no accumulation was observed. In an experimental model of invasive pulmonary aspergillosis in the rat which mimics human infection, the survival rate was significantly greater among animals treated p.o. with voriconazole at a dosage of 30 mg/kg/day than among untreated controls (100 and 41.6%, respectively; P Ͻ 0.01) and those treated with the same dosage of itraconazole (75 and 41.6%, respectively; P Ͻ 0.10). The difference in survival with voriconazole and itraconazole was not statistically significant.
Clinical studies. Data from phase II clinical trials indicate that voriconazole is a promising agent for the treatment of OPC, esophageal candidiasis, and acute and chronic invasive aspergillosis (52, 71, 136, 222) . In a blinded, dose comparison study in AIDS patients with OPC, a favorable response was achieved in 80 The therapeutic activity of voriconazole in acute and chronic invasive aspergillosis was evaluated in open, noncomparative studies (52, 71, 136) . Immunocompromised patients with acute invasive aspergillosis, 72% of whom had failed to respond to prior therapy with amphotericin B or itraconazole, received voriconazole as follows: 6 mg/kg i.v. every 12 h (q12h) for two doses, then 3 mg/kg i.v. q12h for 6 to 27 days, followed by 200 mg p.o. twice daily for a total treatment duration of 4 to 24 weeks (52, 136) . An interim analysis of data for 53 of 71 evaluable patients showed that treatment with voriconazole resulted in a favorable clinical response in 39 patients (74%). Six patients experienced mild to moderate visual disturbances but did not discontinue treatment and had no residual effects.
Four patients were withdrawn from the study due to adverse events consisting of skin rash in one patient and elevated hepatic enzyme levels in three patients.
Nonneutropenic patients with chronic, invasive aspergillosis, approximately 50% of whom had failed to respond to prior treatment with either amphotericin B or itraconazole, were treated with voriconazole 200 mg p.o. twice daily for 4 to 24 weeks (71, 136) . At an interim analysis, 13 of 25 patients treated with voriconazole had end-of-treatment assessments and were evaluated for efficacy; the mean duration of therapy was 12 weeks. Voriconazole achieved a favorable clinical response in 9 (69%) of the 13 evaluable patients. Of the 25 patients, 11 (44%) who had received voriconazole reported visual disturbances but continued treatment and 2 (8%) were withdrawn from the study due to elevations in hepatic enzyme levels.
Phase III clinical trials comparing voriconazole with established agents in the treatment of invasive aspergillosis and other life-threatening fungal infections are in progress.
SCH 56592
The new triazole SCH 56592 is a hydroxylated analogue of itraconazole with a 1,3-dioxolone skeleton rather than the tetrahydrofuran skeleton found in itraconazole (86, 88) . Discovered by Schering-Plough, SCH 56592 is in phase I/II studies to assess safety, antifungal efficacy, and pharmacokinetics (136) . Compared to itraconazole, SCH 56592 is equally active in inhibiting sterol C 14 demethylation in C. albicans and is at least 10 times more potent in inhibiting lanosterol 14␣-demethylase (CYP51) in A. fumigatus and A. flavus (162) .
In vitro activity. SCH 56592 shows potent broad-spectrum activity against primary opportunistic fungal pathogens including Candida spp. (142, 192) , Cryptococcus neoformans (91, 187) , and Aspergillus spp. (179) , and other less common, emerging pathogens including dimorphic fungi, dermatophytes, zygomycetes, opportunistic moniliaceous molds and dematiaceous fungi (83) , and Fusarium spp. (230) .
SCH 56592 was tested against 103 isolates of Candida, including 87 clinical isolates, by using a microtiter modification of NCCLS method M27-T (142) . SCH 56592 showed fungistatic activity that was slightly greater than that of itraconazole (GM MICs, 0.21 and 0.34 g/ml, respectively) and much greater than that of fluconazole (GM MIC, 4.99 g/ml). Both SCH 56592 and itraconazole showed good activity (MICs, Յ1 g/ml) against 41 of 57 isolates for which the fluconazole MICs were elevated (Ն8 g/ml), especially C. norvegensis, C. guilliermondii, C. krusei, C. inconspicua, and most fluconazole-resistant C. albicans isolates. However, only 3 of 14 C. glabrata isolates were susceptible to SCH 56592 at Ͻ2 g/ml, the breakpoint suggested by Pfaller et al. (192) . In another study, the anticandidal activity of SCH 56592 was compared with that of itraconazole, fluconazole, amphotericin B, and 5-FC against 382 clinical isolates by using the broth microdilution version of NCCLS reference method M27-T (192) . SCH 56592 was very active against most species tested, with MIC 90 s of 0.06 g/ml for C. stellatoidea, 0.12 g/ml for C. tropicalis, C. parapsilosis, and C. lusitaniae, 0.25 g/ml for C. albicans, and 0.5 g/ml for C. krusei and other Candida spp. (including C. guilliermondii, C. rugosa, and C. lipolytica). Against these species, SCH 56592 was 2-and 32-fold more active, respectively, than were amphotericin B and 5-FC. SCH 56592 was least active against C. glabrata (MIC 90 , 2.0 g/ml). Compared to the other triazoles, the activity of SCH 56592 was similar to that of itraconazole and at least eightfold greater than that of fluconazole. Against 18 clinical isolates demonstrating substantial resistance to both fluconazole and itraconazole (MICs, Ն128 and Ն8 g/ml, respectively), including 11 C. albicans, 1 C. tropicalis, and 6 C. glabrata isolates, SCH 56592 was not particularly active, with MICs of Ն2.0 g/ml. According to Pfaller et al. (192) , this finding suggests possible cross-resistance among strains that are highly resistant to azoles. Similar findings regarding the activity of SCH 56592 against various species of Candida that were not highly resistant to fluconazole (MICs, 0.125 to 32 g/ml) were reported by Galgiani and Lewis (91), who used the broth macrodilution method proposed by the NCCLS. C. krusei and C. glabrata were the least susceptible species to either SCH 56592 or itraconazole, and the activity of SCH 56592 against C. parapsilosis, C. lusitaniae, C. albicans, and C. tropicalis was two-to fourfold greater than that of itraconazole. The 15 isolates of Cryptococcus neoformans tested in this study were highly susceptible to both triazoles. Galgiani and Lewis observed that for both itraconazole and SCH 56592, the concentration and type of solubilizing agent affected the activity of the drug against these two fungal pathogens. They also compared results obtained with the alternative broth microdilution method to those obtained by the broth macrodilution technique. As has been observed with other drugs, the MICs of SCH 56592 and itraconazole at 48 h were substantially higher than at 24 h by both methods and agreement between broth microdilution and broth macrodilution results was closest for the 24-h readings.
Results of another in vitro study suggest that against C. neoformans, SCH 56592 may possess fungicidal as well as fungistatic activity (187) . Multiple isolates of C. neoformans, including strains from both AIDS and non-AIDS patients, were tested by the NCCLS method proposed in 1992 (M27-P) (167) . MIC data showed SCH 56592 to be more active in vitro against all C. neoformans isolates tested than was either amphotericin B or fluconazole but not itraconazole. After 54 h of drug exposure, SCH 56592 exhibited fungicidal activity at 1 and 10 g/ml, which appeared to be enhanced in the presence of serum and was greater than that exhibited by amphotericin B.
SCH 56592 is active against Aspergillus spp., with GM MICs approximately 3-and 20-fold lower than those of itraconazole and amphotericin B, respectively, when tested in a microtiter format (179) . A. terreus was the most susceptible to SCH 56592 (GM MIC, 0.05 g/ml), and A. flavus was the least susceptible (GM MIC, 0.22 g/ml). In the drug concentration range tested (0.01 to 16 g/ml), SCH 56592 showed fungicidal activity against 71% of the isolates tested. Moreover, Fothergill et al. (83) found that the mean minimum lethal concentration of SCH 56592 against A. fumigatus was comparable to that of amphotericin B (1.3 and 1.4 g/ml, respectively). In another study, SCH 56592 showed good in vitro activity against three species of Fusarium (F. solani, F. oxysporum, and F. moniliforme) when tested by a broth macrodilution method based on NCCLS method M27-A modified for filamentous fungi (230) . The MICs of SCH 56592 at 48 h were highest for F. solani (4 to Ͼ16 g/ml), intermediate for F. oxysporum (0.5 to 8.0 g/ ml), and lowest for F. moniliforme (0.125 to 0.5 g/ml). By contrast, the MICs of amphotericin B were consistent across the three species, being 1 to 4 g/ml for F. solani and F. oxysporum and 2 to 4 g/ml for F. moniliforme.
Endemic fungal pathogens including B. dermatitidis, H. capsulatum, and C. immitis show good susceptibility in vitro to SCH 56592 (149, 248, 263) . When tested against 12 strains of B. dermatitidis by NCCLS method M27-P, SCH 56592 was more active than itraconazole, amphotericin B, and fluconazole (GM MICs, were Յ0.40, Յ1.97, Յ3.14, and 8.41 g/ml, respectively) (248) . The activity of SCH 56592 against 20 patient isolates of H. capsulatum was comparable to that of itra-conazole (GM MICs, Յ0.14 and Յ0.19 g/ml, respectively), and both were more active than amphotericin B (GM MIC, 0.56 g/ml) (263) . SCH 56592 showed both inhibitory and fungicidal activity against five clinical isolates of C. immitis, with MICs ranging from 0.39 to 3.13 g/ml and minimal fungicidal concentrations (MFCs) ranging from 1.56 to 3.13 g/ml (149) . SCH 56592 also shows good activity against a broad range of filamentous fungi (83) . The GM MICs determined by Fothergill et al. were 0.06 to 0.4 g/ml for dimorphic fungi, 0.09 g/ml for dermatophytes, 0.6 g/ml for zygomycetes, 0.04 g/ml for dematiaceous fungi, and 0.1 g/ml for Aspergillus spp. The MICs of SCH 56592 were generally similar to those of itraconazole and lower than those of fluconazole.
Pharmacokinetics. A preliminary pharmacokinetic evaluation of SCH 56592 was conducted following single-dose i.v. (in hydroxypropyl-␤-cyclodextrin vehicle) and p.o. (suspension in methylcellulose) administration to mice, rats, dogs, and cynomolgus monkeys and p.o. administration to rabbits (174) . Oral bioavailability was approximately 48% in rats and mice, and good bioavailability in rabbits was evidenced by a high AUC, similar to that observed in mice. Oral bioavailability was 24% in dogs and 12% in monkeys, and the t 1/2 s were 18 and 22 h, respectively. Following p.o. administration of single doses ranging from 10 to 120 mg/kg to dogs, the concentrations in serum increased in a dose-related fashion. In all five species, concentrations in serum 24 h after a single p.o. dose exceeded the MICs and MFCs, suggesting a once-daily regimen for clinical use. A subsequent study in dogs evaluated the bioavailability of SCH 56592 from capsule, tablet, and liquid dosage forms administered in a single dose of approximately 18 mg/kg (175) . The drug was also administered i.v. as a solution in hydroxypropyl-␤-cyclodextrin to determine the absolute bioavailability. When SCH 56592 was administered to fed dogs, its bioavailability from the three dosage forms ranged from 47 to 58% and the T max occurred at 11 to 12 h. Data from fasting dogs given either the tablet or capsule formulation showed that food increased bioavailability from the capsule by 7.5-fold, from 7.1% to 53%, but had no effect on that from the tablet.
Experimental in vivo activity. SCH 56592 has demonstrated therapeutic efficacy in a number of animal models of fungal infections, including systemic, gastrointestinal, and vaginal candidiasis; systemic and pulmonary aspergillosis; cryptococcal meningitis; histoplasmosis; disseminated coccidioidomycosis; and topical dermatophyte infection with Trichophyton mentagrophytes. SCH 56592 was effective in preventing infection in murine models of systemic candidiasis and pulmonary aspergillosis (30, 31) . A dose of 50 mg of SCH 56592 per kg administered 1.5 to 24 h prior to infection with C. albicans provided 100% protection, as did a dose of 100 mg/kg administered 72 h prior to infection with A. fumigatus or A. flavus. It was found that if therapy was delayed, higher doses of SCH 56592 were needed to provide the same degree of efficacy (30) . For example, in mice infected with A. flavus, treatment with 20 mg of SCH 56592 per kg given once daily for 4 days starting on day 1 or 2 postinfection was as effective as treatment with 80 mg/kg starting on day 2 or 3 postinfection. No synergy or antagonism was noted when SCH 56592 was administered concomitantly with amphotericin B (1 or 5 mg/kg given subcutaneously) to mice infected with C. albicans or A. flavus. In a study of in vitro-in vivo correlations for candidiasis or aspergillosis, the method used to determine MICs affected the concentrations in serum needed to predict efficacy. When MICs were determined by non-NCCLS methods (in either Eagle's Miminum Essential Medium or Sabouraud dextrose broth), the level of free, unbound SCH 56592 or itraconazole in serum had to equal or exceed the MIC for the organism, whereas for fluconazole, the level in serum had to be at least 10 times greater than the MIC (160). However, when MICs were determined in RPMI medium according to NCCLS guidelines, the levels of all three azoles in serum had to be 5 to 10 times greater than the MICs to predict efficacy.
SCH 56592 was also evaluated in immunocompromised-animal models of gastrointestinal candidiasis and disseminated/ invasive aspergillosis (45, 180, 186) . In mice with retrovirusinduced immunodeficiency, once-daily administration of SCH 56592 (1 or 5 mg/kg solubilized in methylcellulose) for 7 days beginning 100 days postinfection was effective in clearing the gastrointestinal mucosal candidiasis and was more effective than fluconazole, which failed to clear infection when administered at the same dose (45) . Similarly, in mice immunosuppressed with cortisone acetate (100 mg/kg/day) administered subcutaneously for 3 days beginning 1 day before intranasal infection with A. fumigatus, treatment from days 1 through 5 with 10, 25, or 50 mg of SCH 56592 per kg p.o. significantly prolonged survival compared with controls (P Ͻ 0.05). Numbers of fungi in lung tissue were reduced with the 10-and 50-mg/kg doses of SCH 56592. Treatment with amphotericin B (3 or 6 mg/kg i.p.) was not effective in prolonging survival or reducing lung tissue counts. A temporarily neutropenic murine model of disseminated aspergillosis (lungs and kidneys) was used to compare SCH 56592 (5, 10, and 25 mg/kg p.o.), itraconazole (25 mg/kg p.o.), and amphotericin B (5 mg/kg i.p.) (180) . Groups of mice infected with either an itraconazolesusceptible or an itraconazole-resistant strain of A. fumigatus were treated over a period of 10 days, beginning 24 h postinfection. Both isolates were fatal in 90% of untreated mice. In mice infected with the itraconazole-susceptible isolate, survival rates were 100% with itraconazole and the two highest doses of SCH 56592, 90% with the 5-mg/kg dose of SCH 56592, and 40% with amphotericin B. Survival rates in mice infected with the itraconazole-resistant isolate were 0% for itraconazole (25 mg/kg); 100, 60, and 20% for SCH 56592 (5, 10, and 25 mg/kg); and 50% for amphotericin B. In both itraconazole-susceptible and -resistant infections, the 25-mg/kg dose of SCH 56592 was significantly better than amphotericin B in reducing fungal burdens in the lungs and kidneys. A relationship between MICs and organ fungal load was evident; at the highest dose of SCH 56592, the difference between fungal burdens in lungs and kidneys in itraconazole-susceptible and -resistant infections was approximately 100-fold and the difference between MICs was about 50-fold (0.01 and 0.5 g/ml, respectively). Thus, in vitro testing of SCH 56592 against Aspergillus spp. should have clinical relevance. Similar results were reported by Patterson et al. (186) , who compared these three antifungal agents in an immunosuppressed, temporarily neutropenic rabbit model of invasive aspergillosis. Treatment with SCH 56592 (2.5 or 10 mg/kg/day p.o.), itraconazole (10 mg/kg/day p.o. in cyclodextrin solution), or amphotericin B (1.0 mg/kg per day i.v.) was begun 24 h after infection with A. fumigatus and lasted for 5 days. Mortality rates were 100% in untreated controls, 25 and 12.5% with 2.5-and 10-mg/kg doses of SCH 56592, respectively, and 50% with broth itraconazole and amphotericin B. Amphotericin B and the 10-mg/kg dose of SCH 56592 reduced fungal burden in the liver, lungs, kidneys, and brain; both were more effective than itraconazole in this regard.
Studies in animal models of endemic mycoses indicate that SCH 56592 warrants further evaluation in the treatment of these infections in humans. In a murine pulmonary model of histoplasmosis, survival rates at day 28 in mice infected with a lethal dose of H. capsulatum were 100% for those treated with SCH 56592 (0.25, 1, and 5 mg/kg/day), amphotericin B (5 mg/kg every other day), or itraconazole (75 mg/kg/day) and 44% for those treated with a lower dose of itraconazole (5 mg/kg/day) (263) . Fungal burden studies with a sublethal inoculum showed that the degree of organ sterilization with SCH 56592 (1 mg/kg/day) was greater than that with amphotericin B (2 mg/kg every other day) or itraconazole (10 mg/kg/day) (263) . SCH 56592 also exhibited potent activity in a murine model of disseminated coccidioidomycosis. Compared to controls, once-daily treatment with any of the following p.o. regimens begun 2 days postinfection and continued for 19 days was more effective in prolonging survival: SCH 56592 (0.5, 2, 10, or 25 mg/kg), itraconazole (10 or 100 mg/kg), and fluconazole (10 or 100 mg/kg) (150) . The three drugs did not differ in their effect on survival, and all were significantly better (P Ͻ 0.001) than treatment with diluent or no treatment. However, the potency of SCH 56592 in reducing tissue burden in spleen, liver, and lungs was 700-to 20,000-fold greater than that of fluconazole and 50-to 200-fold greater than that of itraconazole, on a weight basis. Unlike fluconazole and itraconazole, the two highest doses of SCH 56592 (10 and 25 mg/kg) completely eradicated C. immitis from the organs of 6 of 10 and 9 of 9 surviving mice, respectively. SCH 56592 also was effective in a rabbit model of cryptococcal meningitis in which severe CSF leukopenia was induced with corticosteroid (187) . Treatment with itraconazole suspension (in methylcellulose) at 20 or 80 mg/kg/day or fluconazole tablets (100-mg tablets scored) was administered as follows: 20-mg/kg dose given for 11 consecutive days beginning on day 4 postinfection, or 80-mg/kg dose given for 15 consecutive days starting on day 2 postinfection. After administration of either dose for several days, the concentrations of SCH 56592 in serum were 20 to 100 times greater than the MIC for the most resistant strain of C. neoformans studied in vitro (0.25 g/ml) and the trough levels throughout the 24-h dosing interval remained approximately 30 to 115 times the MIC for the infecting strain (0.063 g/ml). Although SCH 56592 was not detected in the CSF at 2, 6, and 24 h after administration of either dose, its fungicidal activity within the CSF was similar to that of fluconazole; low and high doses of each azole decreased fungal burden in CSF over the 2-week treatment period, although neither regimen sterilized the subarachnoid space of most animals.
In models of superficial fungal infection, the results of fungal cultures demonstrated that a single p.o. dose of 2.5 or 10 mg of SCH 56592 per kg was more effective than fluconazole in clearing vaginal candidiasis in hamsters and that topical application of SCH 56592 (0.25 or 0.5%) was superior to p.o. fluconazole, p.o. itraconazole, and topical miconazole in clearing T. mentagrophytes dermatophytosis in guinea pigs (183) . Likewise, p.o. administration of SCH 56592 to guinea pigs with T. mentagrophytes infection was more effective than p.o. fluconazole and p.o. itraconazole in reducing fungal burden but was comparable to these azoles in improving lesion severity. Both culture and lesion severity results showed that topical administration of SCH 56592 (0.25%) was at least as effective as most commercially available antifungal creams (183) .
T-8581
T-8581, a 2-fluorobutanamide derivative discovered by the Toyama group (Japan), is undergoing preclinical investigation. This triazole is nearly 20 times more water soluble than fluconazole (41.8 and 2.6 mg/ml, respectively) and is expected to be particularly useful for high-dose parenteral therapy (250) .
In vitro activity. T-8581 exhibits potent activity in vitro against Cryptococcus neoformans and many species of Candida (274) . The IC 80 s (the lowest drug concentration reducing the optical density at 630 nm by 80% compared with the drug-free control) of T-8581, fluconazole, and itraconazole against 160 strains of eight species of fungi were determined by a broth microdilution method with RPMI 1640 (274) . The activity of T-8581 against C. albicans, C. tropicalis, and C. parapsilosis was similar to that of fluconazole. GM IC 80 s of T-8581 for these three species of Candida were 0.218, 0.358, and 0.401 g/ml, respectively. The GM IC 80 s of T-8581 for C. guilliermondii and C. krusei (1.19 and 10.2 g/ml, respectively) were lower than those of fluconazole (4.00 and 18.8 g/ml, respectively). Against C. glabrata, T-8581 was 3.6-fold less active than fluconazole (GM IC 80 s, 11.8 and 3.29 g/ml, respectively). T-8581 was 2.3-fold less active than fluconazole against C. neoformans (GM IC 80 s, 9.28 and 4.00 g/ml, respectively) and 3.4-fold more active against A. fumigatus (GM IC 80 s, 71.0 and 239 g/ml, respectively). Against all eight fungal species tested, the GM IC 80 s of itraconazole were significantly superior to those of either T-8581 or fluconazole (P Ͻ 0.01).
Pharmacokinetics. The pharmacokinetics of T-8581 were studied following p.o. and i.v. administration of single doses of 10 mg/kg to mice, rats, rabbits, and dogs (274) . Following p.o. administration, peak concentrations in serum in these four species were 10.9, 10.5, 7.14, and 12.0 g/ml, respectively, and drug was detectable after 24 h in the sera of all species except the mouse. Half-lives following p.o. administration ranged from 3.2 h in mice and 3.8 h in rats to 7.2 h in rabbits and 9.9 h in dogs. Likewise, the AUCs following p.o. and i.v. administration were lowest in mice (51.7 and 46.1 g ⅐ h/ml) and rats (76.9 and 72.6 g ⅐ h/ml), intermediate in rabbits (115 and 139 g ⅐ h/ml), and highest in dogs (209 and 216 g ⅐ h/ml). These AUC data suggest that absorption of T-8581 following p.o. administration was virtually complete in each species.
Experimental in vivo activity. The therapeutic potential of T-8581 was evaluated in murine models of systemic candidiasis and aspergillosis and in a rabbit model of systemic aspergillosis (274) . In the murine model, treatment with T-8581 or fluconazole (p.o. and i.p.) or itraconazole (p.o.) was initiated 2 h after infection with either C. albicans or A. fumigatus and continued for 6 days. A 0.5% methylcellulose vehicle was used for p.o. drug administration, and physiological saline was used for i.p. injection. In the systemic-candidiasis model, T-8581 and fluconazole showed similar therapeutic efficacy; the 50% effective doses (ED 50 s) were 0.412 mg/kg (p.o.) and 0.438 mg/kg (i.p.) for T-8581 and 0.392 mg/kg (p.o.) and 0.396 mg/kg (i.p.) for fluconazole. The ED 50 of itraconazole (Ͼ320 mg/kg for p.o. administration) was more than 700 times higher than that of either T-8581 or fluconazole, possibly as a result of the 0.5% methylcellulose vehicle. Against systemic infection with A. fumigatus in mice, T-8581 was significantly more active than either fluconazole or itraconazole (Litchfield and Wilcoxon method; P value not stated). The ED 50 s for p.o. administration were 50.5 mg/kg for T-8581, 138 mg/kg for fluconazole, and Ͼ320 mg/kg for itraconazole. When given i.p., T-8581 was considerably more effective than fluconazole (ED 50 s, 59.2 and Ͼ20 mg/kg, respectively), due mainly to the limited solubility of fluconazole in physiological saline.
In the rabbit model of systemic aspergillosis, treatment was administered p.o. or i.v. once a day beginning 2 h postinfection and continuing for 6 days; mortality was monitored over 20 days. By day 5 all the control animals were dead. Treatment with T-8581 (20 or 40 mg/kg p.o.) was more effective in prolonging survival than was either fluconazole or itraconazole. With T-8581, survival rates at 20 days were 42.9% (p.o.) and 37.5% (i.v.) with the 20-mg/kg dose and 87.5% (p.o./i.v.) with the 40-mg/kg dose. By contrast, the survival rates among rabbits treated with fluconazole and itraconazole (40 mg/kg p.o.) were 14.3 and 37.5%, respectively. After i.v. administration of a dose of 20 mg/kg, both T-8581 and fluconazole prevented mortality significantly compared with control rabbits (P Ͻ 0.01 and P Ͻ 0.05, respectively).
Based on the promising pharmacokinetic profile of T-8581 and its potential effectiveness in systemic fungal infections caused by C. albicans and A. fumigatus, further studies are being conducted to evaluate the toxicity of this new triazole (274) .
ER-30346 (BMS-207147)
ER-30346 is an oral triazole derivative of fluconazole that was discovered by Eisai Co., Ltd., Japan (88) , and subsequently licensed to Bristol-Myers Squibb (Wallingford, Conn.) as BMS-207147 (89). The drug is currently undergoing preclinical investigation. Its inhibitory potency and binding affinity for yeast P-450-dependent 14␣-demethylase are similar to those of itraconazole (114) .
In vitro activity. ER-30346 possesses potent broad-spectrum activity against important fungal pathogens, including Candida spp., A. fumigatus, and Cryptococcus neoformans, as well as most hyaline hyphomycetes (except Fusarium spp. and Pseudallescheria boydii), dermatophytes, and dematiaceous fungi (89, 113) . It is not active against Sporothrix schenckii and zygomycetes (89) . In a comparison of in vitro activity by the proposed NCCLS broth microdilution method (M27-P), ER-30346 was 4 to 64 times more active than itraconazole, fluconazole, and amphotericin B against C. albicans, C. parapsilosis, and C. glabrata; the MIC 90 s of ER-30346 were 0.025, 0.05, and 0.39 g/ml, respectively (113) . Against C. tropicalis, although the MIC 90 of ER-30346 (12.5 g/ml) was 4 to 8 times lower than that of itraconazole or fluconazole, it was 16 times higher than that of amphotericin B (0.78 g/ml). Against C. neoformans the MIC 90 of ER-30346 was 0.10 g/ml; the MIC 90 of itraconazole, the most active comparator, was fourfold higher (0.39 g/ml). All isolates of A. fumigatus tested were resistant to fluconazole (MIC 90 , Ͼ100 g/ml) but susceptible to ER-30346, itraconazole, and amphotericin B (MIC 90 s, 0.39, 0.78, and 1.56 g/ml, respectively). ER-30346 also showed potent activity against the dermatophytes Trichophyton mentagrophytes, T. rubrum, Microsporum gypseum, and M. canis, which was 2 to 8 times greater than that of itraconazole and Ͼ32 times higher than that of fluconazole. Compared with amphotericin B, the activity of ER-30346 was comparable against M. canis and 8 to 16 times greater against T. mentagrophytes, T. rubrum, and Microsporum gypseum. For all fungi tested, strains showing decreased susceptibility in vitro to either itraconazole or fluconazole were also less susceptible to ER-30346 (113) .
With the exception of the MIC 90 s for C. tropicalis and C. glabrata, the findings of Hata et al. (113) were confirmed by a subsequent study by the NCCLS broth macrodilution method (M27-A) modified for filamentous fungi (89) . In this study the MIC 90 s for these two species of Candida were higher (Ն16 g/ml). Against C. krusei, which was not tested in the previous study, the MIC 90 of ER-30346 was 0.5 g/ml, 10-fold greater than that for C. albicans or C. parapsilosis, suggesting less intrinsic activity against this species. The activity of ER-30346 against Aspergillus was comparable to that of itraconazole. All strains of C. neoformans tested were susceptible to the three triazoles and amphotericin B. Unlike the previous study, in which ER-30346 was four times more active than itraconazole against C. neoformans, in this study itraconazole was twice as active as ER-30346 (MIC 90 s, 0.008 and 0.016 g/ml, respectively). Against C. neoformans and many strains of Aspergillus spp., both agents displayed fungicidal activity. Against three of four strains of C. neoformans tested, the MFC producing a 95% reduction in the number of CFU of the final inoculum size per milliliter was Ͻ1 g/ml for both ER-30346 and itraconazole. Against Aspergillus, the MFC producing a 90% reduction (MFC 90 ) was Ͻ1 g/ml for 7 of 14 strains when tested against ER-30346 and for 10 of 14 strains when tested against itraconazole.
Pharmacokinetics. The pharmacokinetic parameters of ER-30346 have been studied following p.o. and i.v. administration of single doses to mice, rats, and dogs (113, 166) . Following p.o. administration of 2 mg/kg, the bioavailability of ER-30346 was 48% in rats and 74% in dogs; C max was 0.15 and 0.32 g/ml, respectively; and AUC was 2.2 and 3.5 g ⅐ h/ml, respectively (166) . In dogs, the mean elimination t 1/2 after i.v. injection was 8.8 h. Over the dose range of 1 to 10 mg/kg p.o. in dogs (166) and 2 to 40 mg/kg p.o. in mice (113) , linear increases in C max and AUC were observed. The presence of food enhanced absorption; following a 10-mg/kg dose, C max and AUC values in fasted dogs were substantially lower than those in fed animals (166) . In another study, the pharmacokinetics of ER-30346 were compared with those of itraconazole following p.o. administration of single doses of 2, 10, and 40 mg/kg to groups of three mice (113) . The mean peak concentrations of ER-30346 and itraconazole in serum were similar at 1 h (ϳ1.00 g ⅐ h/ml), but Hata et al. note that this is sevenfold lower than the C max reported for a 10-mg/kg dose of fluconazole. ER-30346 but not itraconazole was detectable in serum at 12 h. This is consistent with the threefold greater half-life (4 and 1.4 h, respectively) and AUC (6.81 and 2.20 g ⅐ h/ml, respectively) of ER-30346 compared with itraconazole. No ER-30346 was detected in the serum at 24 h.
Experimental in vivo activity. The therapeutic efficacy of oral ER-30346 was compared with that of fluconazole and itraconazole in murine models of systemic and pulmonary infection due to Candida, Aspergillus, and Cryptococcus, as well as intracranial cryptococcosis and oral candidiasis (112, 113) . In murine systemic candidiasis due to C. albicans, treatment with either ER-30346 or fluconazole (10.0 mg/kg p.o.) 1 h after infection was equally effective, and both triazoles delayed mortality significantly compared with the same dose of itraconazole (P Ͻ 0.05) (113) . For the treatment of systemic cryptococcosis or aspergillosis, drugs were administered p.o. twice daily for 5 consecutive days and mortality was monitored for 21 and 14 days, respectively. In systemic cryptococcosis, ER-30346 and fluconazole showed comparable efficacy at doses of 8 and 32 mg/kg b.i.d., although the MIC of fluconazole for the infecting strain of C. neoformans was 125 times greater than that of ER-30346. Both doses of ER-30346 and fluconazole were significantly more effective than the corresponding doses of itraconazole in delaying mortality (P Ͻ 0.05). In the systemic aspergillosis model, the infecting strain of A. fumigatus was highly susceptible to both ER-30346 and itraconazole (MICs, 0.39 and 0.78 g/ml, respectively) and resistant to fluconazole (MIC, Ͼ100 g/ml). Treatment with ER-30346 (10 mg/kg b.i.d.) was significantly more effective than either fluconazole or itraconazole at the same dosage in delaying mortality (P Ͻ 0.05). However, at 40 mg/kg b.i.d., there was no difference between ER-30346 and itraconazole, and both were more significantly more effective than fluconazole (P Ͻ 0.05).
Murine studies of pulmonary candidiasis and aspergillosis were performed with immunosuppressed mice; immunocompetent mice were used for the pulmonary cryptococcosis model (112) . Drug efficacy was determined on the basis of reduction in fungal burden in lung tissue. In the candidiasis model, infection caused by a fluconazole-susceptible strain of C. albicans was treated with drugs administered p.o. in doses of 0.625, 2.5, and 10 mg/kg given b.i.d. for 2 or 3 days; a 40-mg/kg dose was also used to treat infection due to a fluconazole-resistant strain. Against fluconazole-susceptible C. albicans pulmonary infections, reductions in the log number of CFU in the lungs were greater with increasing doses of ER-30346, fluconazole, and itraconazole. The efficacy of ER-30346 was comparable to that of fluconazole and greater than that of itraconazole. Against fluconazole-resistant C. albicans infection, only treatment with ER-30346 caused a significant reduction in fungal burden in lung tissue compared with controls (P Ͻ 0.05). Against pulmonary C. neoformans infections, which were treated with p.o. doses of 8 and 32 mg/kg b.i.d. for 3 days, ER-30346 and itraconazole showed dose-dependent therapeutic effects whereas both doses of fluconazole were equally effective. The fungal burden in the lungs of mice treated with the 32-mg/kg dose of ER-30346 was similar to that observed in mice treated with the 8-mg/kg dose of fluconazole. At both doses, ER-30346 and fluconazole were significantly more effective than itraconazole or control treatment (P Ͻ 0.05). In the pulmonary aspergillosis model, the infecting strains showed good susceptibility in vitro to ER-30346 (MIC range, 0.20 to 0.39 g/ml) and itraconazole (MIC, 0.78 g/ml) but were resistant to fluconazole (MIC, Ͼ100 g/ml). ER-30346 and itraconazole were administered at 2, 8, or 32 mg/kg b.i.d. for 3 days; the dose of fluconazole was 32 mg/kg. As in the other pulmonary infection models, the effectiveness of ER-30346 and itraconazole was dose dependent. At the 32-mg/kg dose, the reduction in fungal burden with ER-30346 was significantly greater (P Ͻ 0.05) than that with fluconazole, itraconazole, and control treatment.
Hata et al. (112) also compared the efficacy of ER-30346, itraconazole, and fluconazole in a murine model of intracranial cryptococcosis and a rodent model of oral candidiasis. In the intracranial cryptococcosis model, healthy mice were treated with 8 mg/kg p.o. for 3 days and efficacy was based on determinations of fungal burden in brain tissue 24 h after the last dose of drug. Treatment with either ER-30346 or fluconazole significantly (P Ͻ 0.05) reduced the log number of CFU in brain tissue compared with itraconazole and control treatment; itraconazole did not reduce fungal burden compared with the control treatment. In the oral candidiasis model, rats were treated with tetracycline for 7 days prior to infection three times at 48-h intervals with a fluconazole-susceptible strain of C. albicans. Drugs were administered p.o. at 1 and 4 mg/kg q.d. for 3 days, and oral swabs were obtained 5 days after the last infection. Both doses of ER-30346 and fluconazole significantly (P Ͻ 0.05) reduced the log number of CFU in oral swabs compared with the control; the reduction with itraconazole was significant only at the higher dose. Overall, the efficacy of ER-30346 was comparable to that of fluconazole, and both were more effective than itraconazole.
On the basis of its broad antifungal activity in vitro and potent activity in animal models of fungal infections caused by C. albicans, C. neoformans, and A. fumigatus, further pharmacokinetic and toxicological evaluation of ER-30346 would be expected.
D0870
D0870, another derivative of fluconazole (88) , was under development by Zeneca until March 1997 (273) , at which time it was discontinued, possibly because of relatively weak in vitro activity against Aspergillus spp. compared to itraconazole (88) . However, D0870 shows greater activity in vitro than itraconazole against most Candida spp., particularly C. tropicalis and C. parapsilosis, and slightly more activity against fluconazoleresistant isolates of C. albicans (273) . Compared with fluconazole, D0870 is more active in vitro against B. dermatitidis and H. capsulatum and equally active against Coccidioides immitis (88) . D0870 is excreted by nonrenal mechanisms, and its halflife in mice was estimated to be more than 10 times longer than that of fluconazole (50 and 4 h, respectively) (88) . Studies in mice have also shown D0870 to be more toxic than fluconazole and suggest that the dosing interval must be sufficiently long to permit clearance of drug to nontoxic levels (88) .
D0870 was more effective than fluconazole in murine models of systemic candidiasis due to fluconazole-susceptible and -resistant strains of C. albicans, disseminated C. tropicalis infection (including fluconazole-resistant strains), and hematogenous C. krusei infection in neutropenic mice (88, 105) . In an estrogen-dependent murine model of C. albicans vaginal candidiasis, D0870 was 10 times more active than fluconazole against infection due to a fluconazole-susceptible isolate (82) . However, to effectively clear infection due to a fluconazoleresistant C. albicans isolate, a 10-fold increase in the dose of D0870 to 25 mg/kg was required. Like fluconazole, D0870 was not effective against vaginal infection due to C. glabrata, even at 100 mg/kg per day (82) . In animal models of endemic fungal infections, D0870 was more effective than fluconazole against C. neoformans systemic infection in immunocompetent and immunosuppressed mice and against pulmonary blastomycosis, systemic coccidioidomycosis, and systemic histoplasmosis in mice (41, 88) .
A pilot clinical study evaluated the effectiveness of D0870 in the treatment of OPC in HIV-infected patients with no history of clinical failure of fluconazole (56) . Three regimens were evaluated: a single 50-mg/kg dose on day 1 followed by 10 mg/day for 4 days; a single 100-mg initial dose on day 1 followed by 25 mg/day for 4 days; and a single 100-mg initial dose on day 1 followed by 10 mg/day for 5 days. Overall, clinical cure was achieved in 27 (77%) of 35 patients who completed treatment, clinical improvement was noted in 6 (17%), and 2 (6%) failed at the lowest dose. Within 2 weeks after stopping therapy, 10 (37%) of 27 patients followed up at either day 7 or 14 had relapsed. D0870 was well tolerated, and mild adverse events considered possibly related to treatment were noted in five patients.
According to Yamada et al. (273) , although Zeneca has discontinued development of D0870, Mochida Pharmaceutical Co., Ltd. (Japan) is continuing its evaluation at lower doses than those used by Zeneca.
UR-9746 and UR-9751
Two new azole derivatives containing an N-morpholine ring, UR-9746 and UR-9751, are being developed by J. Uriach & Cia (Spain) (13) . The in vitro antifungal activity of these two azoles was comparable to that of fluconazole when tested by broth macrodilution methods, including that proposed by the NCCLS (244) . Of the three agents tested, UR-9751 was the most active against C. albicans and displayed activity comparable to that of fluconazole against other Candida species. All three drugs were active against C. neoformans, and H. capsulatum, but Aspergillus spp. was generally resistant. Although the MFCs of UR-9751, UR-9746, and fluconazole for C. immitis were Ͼ100 g/ml, the isolate was inhibited by all three drugs (MICs, 3.13, 25, and 6.25 g/ml, respectively).
Both UR-9751 and UR-9746 were highly active in murine models of cryptococcal meningitis (209) , severe disseminated histoplasmosis (126) , systemic coccidioidomycosis (42) , and systemic candidiasis (13) and in a rodent model of vaginal candidiasis (13) . Survival rates were 90 to 100% in mice with systemic C. albicans infection treated with 1 mg of UR-9746 or UR-9751 per kg given 1, 4, and 24 h postinfection (13) . UR-9746 was slightly more effective than UR-9751, and both were superior to fluconazole. When the drugs were administered in a dosage of 0.25 mg/kg per day for 3 days following infection, cure rates at 10 and 15 days were 95 and 100%, respectively, with UR-9746, 40 and 60%, respectively, with UR-9751, and 10 and 25%, respectively, with fluconazole (13) . In mice infected intracranially with C. neoformans, p.o. administration of 10 mg of UR-9751, UR-9746, or fluconazole per kg per day for 7 days significantly (P Ͻ 0.005) prolonged survival compared with controls, and UR-9746 also prolonged survival when given at 1 mg/kg per day (209) . Against systemic cryptococcosis, UR-9746 was significantly more effective than either amphotericin B or fluconazole in delaying mortality (P Ͻ 0.05) and both azoles were more effective than amphotericin B in reducing fungal burden in the lungs, liver, and brain but not in the spleen (23, 24) . UR-9751 was not included in this comparison. In another study in mice infected with H. capsulatum, the greatest reduction in fungal burden in the spleen was achieved with amphotericin B, followed by UR-9746 and then UR-9751; itraconazole failed to decrease the fungal burden (126) .
The most extensive information on these two azole derivatives was provided by Clemons and Stevens (42) , who studied their activity in vitro and in vivo against the Silveira strain of Coccidioides immitis. Tests of in vitro activity by a broth macrodilution method in defined medium showed the inhibitory activity of UR-9751 to be twice than that of fluconazole (MICs, 3.1 and 6.3 g/ml, respectively) whereas UR-9746 was much less active (MIC, 25 g/ml). Pharmacokinetic evaluations in healthy mice given a single 100-mg/kg dose found that peak bioactivity (expressed as concentration of the native drug) of 184 g of UR-9746 per ml occurred at 8 h postdose. For UR-9751, the peak activity (34 g/ml) occurred at 8 to 24 h postdose. Concentrations were higher following administration of 100 mg/kg/day for 19 days, and two peaks appeared at 1 and 48 h postdose. Both drugs showed bioactivity half-lives of Ͼ16 h; and inhibitory concentrations severalfold greater than MICs for C. immitis were maintained throughout the interval between doses. In mice with systemic coccidioidomycosis, UR-9746, UR-9751, and fluconazole showed dose-related efficacy. Survival was 100% with doses of 10 or 100 mg of UR-9746 per kg or 100 mg of UR-9751 per kg, 90% with 10 mg of UR-9751 per kg, and 80% with 100 mg of fluconazole per kg. However, in terms of recovery of C. immitis from the organs, none of the surviving mice treated with UR-9746, UR-9751, or fluconazole had complete clearance of organisms from the spleen, liver, or lungs. The two azoles were comparable in terms of prolonging survival and clearing infection, and both were about 10 times more effective than fluconazole, although twice-daily administration might increase its efficacy. Further studies with both UR-9746 and UR-9751 are anticipated.
FUTURE ROLE OF AZOLES IN ANTIFUNGAL THERAPY
Major developments in the azole class of antifungal agents during the 1990s have provided expanded options for the treatment of many opportunistic and endemic fungal infections. For over 20 years, amphotericin B was the mainstay of treatment of serious systemic mycoses. The first oral azole, ketoconazole, was introduced in the United States in 1981 and provided an alternative to amphotericin B for nonmeningeal, non-lifethreatening infections and for outpatient treatment of histoplasmosis and blastomycosis (132) . With the introduction in the United States of i.v. and p.o. fluconazole in 1990 and p.o. itraconazole in 1992, clinicians had safer, well-tolerated alternatives to both amphotericin B and ketoconazole.
Fluconazole has received widespread use for prophylaxis and treatment of candidal and cryptococcal infections, which are becoming increasingly prevalent as the population of immunocompromised patients grows, and as single-dose oral therapy for vulvovaginal candidiasis. Although less widely used than fluconazole in AIDS patients and bone marrow transplant recipients due to variable absorption, itraconazole has become the drug of choice for the treatment of histoplasmosis and blastomycosis. It is also used for the initial therapy of less severe cases of aspergillosis and for the treatment of onychomycosis due to both Candida and dermatophytes. An itraconazole oral solution with enhanced drug absorption was introduced in the United States in 1997 for the treatment of OPC and esophageal candidiasis. This formulation provides a therapeutic option for HIV-infected patients with OPC clinically refractory to fluconazole (32, 33, 72, 81, 195) .
Expanded uses for the currently available azoles have been suggested. High-dose fluconazole (800 to 1,000 mg/day) may prove useful as salvage therapy for patients with cryptococcal meningitis who fail to respond to amphotericin B (19) and as primary therapy (115, 159) . Other suggested uses of fluconazole include the initial therapy of nonmeningeal coccidioidomycosis (243) , prophylaxis for C. immitis infection in serologically positive HIV-infected patients living in areas of endemic infection (262) , treatment of disseminated histoplasmosis in immunocompetent patients (59) , and treatment of paracoccidioidomycosis (59, 208) and onychomycosis (9, 65, 117, 139, 145) . Currently recommended for lifelong secondary prophylaxis of Aspergillus infections in bone marrow transplant recipients and patients with hematologic malignancies (147, 161) , itraconazole has been suggested as initial therapy for many patients with invasive aspergillosis (245), particularly if an i.v. formulation becomes available (103) , and as primary prophylaxis (147) . The itraconazole i.v. formulation with cyclodextrin that is being developed may also expand the role of this triazole in the treatment of systemic Candida infections (103) .
Despite these advances, many fungal infections fail to respond to treatment. One approach to this problem is to use combinations of antifungal agents with different mechanisms of action. Clinical trials of the combination of fluconazole and amphotericin B for the treatment of both cryptococcal meningitis (95, 229) and severe candidemia (74, 95, 103) are in progress. Against C. neoformans, the combination of 5-FC and fluconazole improves survival in infected animals and is effective in cases where monotherapy with either agent has been ineffective, and in which infection was due to a fluconazoleresistant isolate (140, 171) . Preliminary clinical trials in patients with cryptococcal meningitis indicate that this combination improves the therapeutic outcome but suggest that a high dose of fluconazole (ϳ1,200 mg/day) should be administered (140, 141, 253) . A triple combination of amphotericin B-5-FCfluconazole achieved 100% survival in mice infected with a C. neoformans isolate from an AIDS patient successfully treated for meningitis with fluconazole-5-FC (57) . Other potential combinations include a triazole with terbinafine (10, 225), amphotericin B or fluconazole in combination with a fluoroquinolone such as trovafloxacin or ciprofloxacin (249) , and an azole in combination with cytokines to improve the response in immunocompromised patients (74, 94, 103, 132) .
Resistance to the available azole antifungal agents has become a major concern with their widespread use during the 1990s. A number of second-generation azoles and triazoles, including voriconazole, SCH-56592, T-8581, BMS-207147 (formerly ER-30346), and UR-0746 and UR-9751, are currently in various stages of development. All of the agents discussed in this review are active following p.o. administration. Voricon-azole and T-8581 may also be given i.v., and SCH 56592 also shows topical activity. With the exception of D0870 and the two UR compounds, the second-generation agents exhibit broad-spectrum antifungal activity and are particularly promising for the treatment of infections due to Aspergillus spp. They also have the potential to extend coverage to include not only the typical opportunistic and endemic pathogens but also dimorphic and filamentous fungi and dematiaceous and hyaline molds, including P. marneffei and Fusarium spp. Both voriconazole and SCH 56592 are active in vitro against Candida spp. with decreased susceptibility to fluconazole (11, 38, 192, 222) , although highly azole-resistant strains show apparent cross-resistance (38, 192) .
SCH 56592 is undergoing phase I/II clinical trials, and no results were available at the time of this review. Initial findings in phase II clinical trials of voriconazole indicate that this triazole is promising for the treatment of OPC and esophageal candidiasis and acute and chronic invasive aspergillosis (222) . Phase III clinical trials comparing voriconazole with established agents in the treatment of invasive aspergillosis and other life-threatening fungal infections are in progress.
CONCLUSIONS
In this review, we have described present and future uses of the currently available azole antifungal agents in the treatment of systemic and superficial fungal infections and provided a brief overview of the current status of in vitro susceptibility testing and the growing problem of clinical resistance to the azoles. Use of the currently available azoles in combination with other antifungal agents with different mechanisms of action is likely to provide enhanced efficacy. Detailed information on some of the second-generation azoles and triazoles being developed to provided extended coverage of opportunistic, endemic, and emerging fungal pathogens, as well as those in which resistance to older agents is becoming problematic, has been provided. A number of promising new broad-spectrum p.o. antifungal agents are on the horizon. If the tolerability of these agents is comparable to that of the first-generation triazoles, clinicians should soon have expanded options for the treatment of serious fungal infections.
